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CUT  ALONG  THIS  LINE 


Many  previous  investigations  related  to  this  subject  have  shown 
that  the  thermal  environment  in  fallout  shelters  may  become  very  critical 
during  extreme  summer  conditions  in  many  U.  S.  cities  unless  adequate 
facilities  of  ventilation  or  air-conditioning  are  provided.  The  design 
and  selection  of  equipment  for  shelter  ventilation  or  air  conditioning 
systems,  depend  strongly  upon  design  conditions. 

The  purpose  of  this  paper  is  to  critically  examine  the  existing 
weather  data  in  the  light  of  survival  conditions  required  for  fallout 
shelter  design.  It  has  been  shown  that  simultaneous  hourly  data  or  dry- 
and  wet-bulb  temperatures  for  typical  design  day  or  design  week  are 
needed  for  the  realistic  evaluation  of  thermal  environment  in  the  shelter. 
Such  data,  however,  are  found  non-existent  among  available  sources  such 
as  ASHRAE  Guide  and  Data  Book,  the  Army,  Navy,  and  Air  Force  Manual  and 
the  data  of  Fluor  Products  Co. 

Four  typical  days  were  chosen  from  six  selected  cities  in  the 
United  States  to  investigate  their  hourly  characteristics  with  reference 
to  published  data  in  three  sources  mentioned  above.  The  days  selected 
are : 

1)  The  day  or  each  year  with  the  highest  hourly  dry-bulb 
temperatures  (hottest-day) . 

2)  The  day  of  each  year  with  the  highest  hourly  dew-point 
temperature  (most-humid-day) . 

3)  The  average  of  seven  consecutive  days  each  year  with  the 
highest  7-day  average  of  hourly  dry-bulb  temperature 
(hottest-week  day) . 
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CUT  ALONG  THIS  LINE 


4)  The  average  of  seven  consecutive  days  each  year  with  the 
highest  7-day  average  of  hourly  dew-point  temperature 
(most-humid-week  day) . 

These  data  are  prepared  from  ten  years  weather  record  covering  from  1953 
through  1962  from  the  following  six  cities: 

Phonex,  Ariz.  Minneapolis,  Minn. 

Washington,  D.C.  Medford,  Oreg. 

Lake  Charles,  La.  Houston,  Tex. 

In  order  to  facilitate  easy  computer  application  of  these  data  for  the 
evaluation  of  shelter  thermal  environment,  least  squares  analysis  were 
applied  to  each  of  four  types  of  days  for  all  of  six  cities.  The  least 
squares  constants  describing  the  dry-bulb  temperature,  dew-point  tempera- 
ture and  solar  radiation  for  up  to  4th  degree  harmonics  have  been  obtained. 
These  least  squares  constants  and  best-fit  data  calculated  by  these  con- 
stants are  tabulated  in  this  report. 

Spe  cial  attention  was  also  given  to  the  solar  radiation  data  for 
these  typical  days.  A comparison  was  made  for  the  observed  data  and  the 
calculated  data  using  a currently  available  technique.  The  calculated 
data-,  which  are  for  cloudless  days  of  certain  moisture  and  dust  concen- 
tration, showed  usually  higher  value  than  the  observed  even  for  the 
hottes t-days  of  the  year. 

Finally  the  hourly  data  obtained  during  this  study  for  Washington, 

D.  C.  has  been  applied  to  a family  shelter  and  a 540-man  shelter  for  the 
purpose  of  evaluating  the  internal  thermal  environment. 
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CUT  ALONG  THIS  LINE 


The  findings. 


This  pilot  analysis  of  coincident  weather  data  from  six  cities 
representing  different  types  of  climatic  conditions  resulted  in  the 
following  points: 

1)  The  diurnal  levels  of  coincident  dry-bulb  and  wet-bulb  tempera- 
tures during  the  hcttest-day  and-week  during  the  most-humid-day 
and-week  cannot  be  derived  directly  from  the  presently  published 
percentile  levels  of  extreme  temperatures,  such  as  those  of 
ASHRAE  or  the  Army,  Navy  and  Air  Force  Manual. 

2)  The  dew-point  temperature  undergoes  a small  daily  cycle  with 
a range  of  4 to  8 degrees  during  the  hottest-days  and  approx- 
imately half  of  this  range  during  the  hottest-week , and  most- 
humid-day  and-week. 

3)  The  daily  range  in  dry-bulb  temperature  was  about  50%  greater 
during  the  hottest-week  than  for  the  most-humid-week. 

4)  The  hottest-week  and  most-humid-week  of  the  summer  sometimes 
overlap.  The  hottest-day  of  the  summer  occurs  during  the 
hottest-week  about  60%  of  the  time  and  can  occur  anytime 
during  the  seven  consecutive  days  of  hot  weather. 

5)  The  diurnal  cycles  of  dry-bulb  temperature,  dew-point  tempera- 
tures, and  solar  radiation  can  be  presented  by  harmonic  equa- 
tions with  constants  evaluated  to  the  fourth  degree  with 
relatively  small  differences  between  the  calculated  values 
and  the  10-year  average  observed  values. 
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CUT  ALONG  THIS  LINE 


6)  Tne  total  observed  radiation  on  a horizontal  surface  during 
the  hottest-day  and  -week  was  considerably  less  for  some  oi 
the  six  cities  than  the  value  derived  by  adding  toe  solar 
radiation  calculated  from  Moon's  proposed  standards  and  the 
ASHRAE  value  for  diffuse  sky  radiation.  The  solar  and  sky 
radiation  should  not  be  ignored  during  the  most-humid-days 
and  -weeks . 

Tne  use  of  the  three  different  hourly  conditions  prepared  in  this 
report  for  the  ventilation  air  for  540-man  shelter  and  a 6-man  shelter  m 
Washington,  D.  C.  indicated  the  following  conclusions  for  this  illustra- 
tive example. 

1)  Tne  psychrometric  conditions  representing  the  10-year-average 
hottest-week  produced  substantially  the  same  shelter  environ- 
ment as  the  psychrometric  conditions  representing  the  10-year- 
average  most-humid-week. 

2)  The  psychrometric  conditions  represented  by  the  5 percent 
ASHRAE  dry-  and  wet-bulb  temperatures  in  combination  with  a 
diurnal  dry-bulb  temperature  variation  specified  in  G&DB  * 
produced  only  slightly  higher  effective  temperatures  inside 
the  shelter  than  the  10-year-average  hottest-week  conditions. 

3)  The  magnitude  of  the  diurnal  variation  in  shelter  effective 
temperature  increased  with  the  size  of  shelter  and  also  with 
an  increase  in  per  capita  ventilation  rate. 

* ASHRAE  Guide  and  Data  Book  (ref.  2). 
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4)  The  average  shelter  effective  temperature  at  the  end  of  the 
average  hottest-week  was  nearly  equal  for  the  540-man  shelter 
and  for  the  6-man  shelter,  with  ventilation  rates  per  person 
being  10  cfm  and  7 cfm  respectively.  Doubling  the  ventilation 
rate  in  the  larger  shelter  lowered  the  average  effective 
temperature  about  3 degrees. 
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1.  INTRODUCTION 

Previous  investigations  have  shown  that  the  thermal  environment 
in  fallout  shelters  may  become  critical  during  the  extreme  summer  con- 
ditions in  many  U,  S,  cities  unless  adequate  means  of  ventilation  or 
ah' -condit ioning  are  provided  [1],  The  design  or  selection  of  the 
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equipment  for  shelter  ventilation  or  air-conditioning  systems,  or  both, 
for  a survival  condition  (not  for  a comfort  condition)  depends  strongly 
upon  summer  outdoor  weather  conditions. 

When  air-conditioning  equipment  is  not  installed,  the  thermal  stress 
on  the  occupants  of  a protective  shelter  is  dependent  on  the 
rate  of  flow  and  psychr ometr ic  condition  of  vent ilat ion  air , It  has 
been  shown  [1]  that  simultaneous  design  values  of  the  dry-  and  wet-bulb 
temperatures  are  needed  for  a realistic  appraisal  of  the  summer  venti- 
lation requirements  of  shelters  rather  than  independent  data,  such  as 
chose  published  in  the  ASHRAE  Guide  and  Data  Book  [2,3]  and  the  Army, 
Navy,  and  Air  Force  Manual  [4]0  Moreover,  the  coincident  occurrence  of 
extreme  values  of  dry-bulb  and  wet-bulb  temperatures  would  be  less  fre- 
quent than  the  independent  occurrence  of  these  same  values  in  any  given 
locality . 
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In  the  ASHRAE  Guide  and  Data  Book,  the  outdoor  psychr ometr ic 
conditions  for  cooling  load  calculation  are  listed  for  principal  cities 
of  the  United  States  in  two  sets  of  t emperatur es , dry-bulb  and  wet- 
bulb  temperatures,  which  are  independently  equalled  or  exceeded  for  1, 
2,5,  and  3 percent  of  all  the  hours  during  the  summer  months,  June 
through  September o The  Army,  Navy,  and  Air  Force  Manual  [4]  presents 
dry-and  wet-bulb  temperatures  that  are  independently  equalled  or  exceed 
for  1,  2„5,  5,  and  10  percent  of  the  time  during  the  warmest  consecutive 
four  months,  as  determined  by  the  mean  wet -bulb  temperature  (in  the 
U.  S.  these  four  months  correspond  to  June  through  September),  The  1-, 
2,5-,  and  5-percent  values  of  the  Guide  and  Data  Book  differ  slightly 
from  corresponding  equivalent  values  of  the  Army,  Navy  and  Air  Force 
Manual,  but  this  difference  is  small  and  may  be  considered  insignificant 
for  practical  purposes, 

A publication  of  the  Fluor  Products  Company  [5],  on  the  other 
hand,  contains  coincident  dry-  and  wet -bulb  temperatures  based  on  their 
hourly  occurrences  at  49  weather  stations  in  the  U.  So  The  Fluor  data 
are  presented  graphically  on  psychrometr ic  charts  by  three  iso-fre- 
quency curves  representing  high,  moderate,  and  low  coincident  design 
conditions o The  three  zones  defined  by  these  three  curves  contain  all 
the  psychrometr ic  conditions  that  occur  approximately  99,  95,  and  85 
percent  of  the  total  summer  hours,  respectively  [5]„ 

In  addition  to  the  psychrometr ic  data,  the  evaluation  of  the 
thermal  behavior  of  protective  shelters  may  require  a knowledge  of  the 
simultaneous  values  of  solar  energy,  particularly  for  shallow  under- 


2 


ground  shelters  and  for  above-ground  shelters  , Although  a number  of 
publications  have  described  methods  for  the  calculation  or  estimation 
of  solar  energy,  most  of  them  deal  with  solar  data  independent  of  other 
weather  data  factors 0 

Although  analytical  methods  are  available  for  calculating  the 
cooling  load  of  a structure  under  the  influence  of  cylic  weather  conditions 
and  solar  radiation,  a modified  steady-state  procedure  is  usually  used 
for  designing  comfort  air-conditioning  systems.  In  this  latter  method 
equivalent  temperature  differences,  which  are  evaluated  hour  by  hour 
during  the  day  and  which  are  affected  by  latitude,  heat  capacity  of  the 
building  element,  orientation,  and  color  and  emissivity  of  the  exterior 
surface,  are  used  in  the  steady-state  heat  transmission  equation  to 
determine  the  approximate  maximum  rate  of  heat  transfer  into  the  air- 
conditioned  space.  The  wet-bulb  temperature  of  the  outdoor  air  is  im- 
portant principally  in  determining  the  cooling  load  produced  by  ventialtion 
or  leakage  air. 

For  shelter  applications  the  minimum  of  equipment  and  ventialtion  air 
and  a near-maximum  interior  effective  temperature  are  usually  chosen  for 
design  conditions  to  effect  econmy  in  first  cost  and  energy  requirement 
for  operation.  Mechanical  cooling  is  not  used  unless  essential  for 
survival.  Under  these  design  conditions  there  is  a minimum  of  latitude 
for  approximation  in  outdoor  climatic  variables,  and  a considerable 
physiological  risk  if  all  of  the  important  parameters  affecting  shelter 
environment  are  not  taken  into  account.  For  example,  there  would  be  about 
a 2 percent  probability  that  a shelter  would  be  occupied  during  tempera- 
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ture  conditions  equal  to  or  worse  than  those  of  the  average  hottest  week 
of  the  year,  assuming  the  likelihood  of  attack  was  constant  throughout 
the  year  and  a typical  occupancy  period  was  of  2 weeks  duration.  Some  of 
the  climatic  variables  that  have  not  been  extensively  considered  in  past 

design  procedures  are,  (a)  coincident  values  of  dry-bulb  temperature, 
wet-bulb  temperature,  and  solar  radiation,  (b)  the  diurnal  cycle  of 
outdoor  climatic  conditions,  and  (c)  the  duration  of  periods  of  hot 
weather  within  the  anticipated  period  of  occupancy  of  a shelter. 

When  an  analysis  of  the  transient  or  dynamic  thermal  behavior  of 
underground  protective  structures  was  undertaken,  it  became  evident  that 
coincident  values  of  wet-bulb  and  dry-bulb  temperatures,  and  of  solar 
radiation,  had  not  been  developed  on  a diurnal  basis  for  design  pur- 
poses. Likewise,  the  frequency  and  duration  of  hot  spells  of  weather 
of  one  or  more  consecutive  days  duration  could  only  be  obtained  by 
resort  to  the  original  daily  records  of  the  National  Weather  Record 
Center  in  Asheville,  N.C. 
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2 . OBJECTIVE  AND  SCOPE 


Coincident  diurnal  values  of  temperature,  humidity,  and  solar 
radiation  were  obtained  for  a few  localities  for  each  of  several  years 
in  order  to  study  statistically  the  effects  of  weather  parameters  on 
shelter  environment.  Various  investigators  have  found  that  an  under- 
ground shelter  attained  a quasi-steady  internal  environmental  con- 
dition in  ab  out  one  week  at  constant  weather  conditions  and  occupancy. 
Furthermore,  it  was  expected  that  an  above  ground  shelter  of  low  heat 
capacity  would  be  considerably  affected  by  a single  hot  day.  Thus,  it 
was  decided  that  the  following  four  extreme  weather  conditions  would 
be  used  for  an  initial  study. 

(1)  The  day  of  each  year  with  the  highest  hourly  dry-bulb  temperatures 

(hottest- day) 

(2)  The  day  of  each  year  with  the  highest  hourly  dewpoint  temperature 

(most  - humid -day ) 

(3)  The  7 consecutive  days  each  year  with  highest  7-day  average  of 
hourly  dry-bulb  tempera ture s (days  of  the  hottes t-week) 

(4)  The  7 consecutive  days  each  year  with  highest  7-day  average  of 

hourly  dewpoint  temperatures 

(days  of  the  most-humid-week) 

The  diurnal  characteristics  of  dry-bulb  and  dewpoint  temperatures 
and  of  solar  radiation  vary  from  year  to  year,  as  well  as  from  locality 
to  locality,  throughout  the  U.  S.  A decision  was  made,  therefore,  to 
acquire  data  from  these  extreme  cases  over  a span  of  10  years.  In 
December  1962,  the  National  Weather  Record  Center  of  the  U.  S.  Weather 
Bureau  in  Asheville,  N.  C. , was  requested  to  search  their  records  and 
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furnish  these  extreme  weather  data  for  the  latest  10  year  weather 
record  of  the  following  six  cities: 

Phoenix,  Ariz.  Minneapolis,  Minn. 

Washington,  D.  C.  Medford,  Ore. 

Lake  Charles,  La.  Houston,  Tex. 

These  cities  were  chosen  to  cover  a suitable  variety  of  climatic  and 
geographic  conditions. 

Tables  1 through  6 list  the  calendar  dates  determined  by  the  Weather 
Record  Center  as  complying  with  the  specification  of  the  hottest  day, 
most  humid  day,  hottest  week,  and  most  humid  week  for  the  period  1953 
to  1962  in  the  six  cities.  All  the  psychrometr ic  data  for  these  periods 
were  those  observed  at  the  airport  station  of  the  cities.  Unfortunately, 
some  of  the  weather  stations  did  not  have  the  solar  radiation  measure- 
ment. Consequently,  the  San  Antonio  solar  data  were  used  for  Houston, 
the  Silver  Hill,  Md.,  data  for  Washington,  D.  C.,  and  the  St.  Cloud  data 
for  Minneapolis,  Minn.  Although  the  solar  radiation  data  for  the  three 
substitute  cities  were  not  geographically  coincident  with  the  accompany- 
ing psycnrometric  data,  it  was  assumed  in  this  analysis  that  the  error 
due  to  the  substitution  was  small.  It  should  be  noted  that  the  solar 
radiation  observed  and  reported  by  the  Weather  Bureau  is  the  total 
irradiation  on  a horizontal  surface,  or  the  sum  of  the  direct  radiation 
and  the  scattered  sky  radiation. 

Inspection  of  Tables  1 to  6 indicates  that  the  hottest  day  and  most 
humid  day  of  the  year  occurred  during  the  hottest  week  and  most  humid 
week,  respectively,  only  about  6 times  in  10  years  on  the  average  for 
the  six  cities.  Furthermore,  when  these  coincidences  occurred  the 
extreme  day  might  occur  at  any  time  during  the  extreme  week.  For  most 

cities  the  hottest  week  might  occur  in  either  June,  July  or  August  and 

6 


there  were  a few  isolated  occurrences  in  September.  The  week  of  highest 
dewpoint  temperature  might  occur  in  any  of  the  four  months  from  June  to 
September,  inclusive,  with  the  most  frequent  occurrences  being  in  July 
and  August.  Tables  1-6  further  show  that  there  was  no  overlap  between 
the  hottest  week  and  the  most  humid  week  in  three  of  the  cities  during 
the  ten  year  period,  whereas  there  was  either  2 or  3 cases  in  ten  years 
of  overlapping  of  these  extreme  weeks  in  the  other  three  cities. 
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3.  AVERAGE  SIMULTANEOUS  DIURNAL  CYCLES 


All  the  hourly  values  of  dry-bulb  temperature,  dewpoint  temperature, 
and  solar  radiation  at  the  specified  locations  for  the  periods  shown  in 
tables  1 through  6 were  punched  into  IBM  cards  for  further  processing. 

First,  average  daily  cycles  of  the  dry-bulb  and  dewpoint  temperatures 
and  the  solar  radiation  were  obtained  for  the  hottest  days  and  the  most 
humid  days  using  the  10  sets  of  data  from  the  selected  10-year  period. 

Second,  the  corresponding  hourly  values  for  dry-bulb  and  dewpoint 
temperatures  and  for  solar  radiation  for  the  hottest  seven  days  and  the 
most  humid  seven  days  (consecutive  seven  days)  were  averaged  for  the 
10-year  period  to  obtain  an  average  daily  cycle  of  each  parameter. 

Figures  1 through  12  show  10-year  average  diurnal  cycles  of  dry- 
bulb  and  dewpoint  temperatures  for  these  four  extreme  conditions. 
Examination  of  these  figures  reveals  the  following  trends  for  the 
particular  days  selected.  In  most  of  these  figures  the  dewpoint 
temperature  experienced  a daily  cycle  of  relatively  small  amplitude. 

The  minimum  daily  dewpoint  temperature  occurred  at  about  the  same  time 
as  the  maximum  dry-bulb  temperature  in  the  afternoon,  whereas  the  maxi- 
mum dewpoint  temperature  occurred  in  the  late  evening  about  half  of  the 
time  and  about  equally  as  often  during  the  morning  soon  after  the  daily 
minimum  dry-bulb  temperature.  Minneapolis  was  the  principal  exception  to 
this  pattern.  The  daily  amplitude  in  dewpoint  temperature  ranged  from 
4 to  8 degrees  for  the  six  cities  on  the  hottest  days  and  averaged  about 
about  half  this  range  for  the  hottest  week,  whereas  it  ranged  from  about 
1.5  to  3,5  degrees  for  the  most  humid  day  and  most  humid  week. 
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Figures  1 to  12  show  that  the  dally  minimum  and  maxifnum  dry-bulb 
temperatures  were  about  10  hours  apart  with  the  minimum  occurring  at 
about  5 to  6 A.  M.  and  the  maximum  occurring  at  about  3 to  4 F.  M.  The 
following  table  summarizes  the  daily  amplitude  of  the  dry-bulb  temperature 
for  the  four  extreme  weather  conditions  chosen  for  this  study  and  also 
the  value  published  in  the  ASHRAE  Guide  and  Data  Book  for  the  hottest 
summer  month.  Except  for  Minneapolis  there  is  good  agreement  between 
this  latter  published  value  and  the  values  obtained  for  the  hottest  week 
in  the  current  study.  In  all  cities  the  daily  amplitude  of  dry-bulb 
temperature  was  considerably  less  for  the  humid  periods  than  for  the  hot 
periods. 


Daily  Amplitude  of  Dry-Bulb  Temperature  During 


Hot  and  Humid  Periods 


City 

Hottest 

Day 

Hottest 

Week 

Most  Humid 
Day 

Most  Humid 
Week 

Hott 

Mon 

Phoenix 

37.4 

25.8 

12.4 

17.0 

27 

Washington 

19.5 

18.1 

12.5 

12.1 

18 

•Lake  Charles 

18.3 

16.4 

7.8 

10.4 

17 

Minneapol is 

20.3 

18.8 

15.1 

14.0 

24 

Medford 

37.7 

36.6 

27.3 

23.5 

35 

Houston 

18.2 

18.0 

9.9 

9.8 

18 

a/ 


a/  Values  oublished.  in  1965-66  volume  of  ASHRAE  Guide  -Sc  Data  Book 
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Figures  13  through  18  show  the  doily  maximum  and  minimum  dry-bulb 
temperature  points  and  their  associated  dewpoint  temperatures  connected 
arbitrarily  by  straight  lines  on  psychrometric  charts  for  the  four 
types  of  daily  cycles  represented  by  figure  1 through  12.  Actually, 
all  of  the  coincident  sets  of  dry-bulb  and  wet-bulb  temperatures  in 
these  daily  cycles  comprise  a flattened  ell ipsoidal - shaped  area  on  the 
psychrometric  chart  with  more  than  half  of  the  points  lying  above  the 
straight  lines  shown  in  figures  13  to  18.  The  three  curves  on  these 
charts  designated  by  H,  M,  and  L connect  discrete  psychrometric  condi- 
tions with  approximately  equal  hourly  frequency  of  occurrence  based  on 
the  data  developed  by  Fluor  Products  Company  [5j.  The  specific 
psychrometric  points  at  the  center  of  circles  denoted  by  H,  M,  and  L 
are  the  coincident  design  points  suggested  in  the  Fluor  publication 
for  high,  moderate,  and  low  frequency  of  occurrence.  As  mentioned  in 
the  previous  section,  the  probability  that  the  coincident  conditions 
of  dry-  and  wet-bulb  temperature  will  fall  outside  the  curves 
labelled  H,  M,  and  L are  approximately  1,  5,  and  15  percent  of  the 
total  summer  hours  (2928  hours) , respectively. 

Also  indicated  on  figures  13  through  18  are  parallelograms 
enclosed  by  ASHRAE  1-  and  5-percent  non-coincident  dry-  and  wet-bulb 
temperatures . Since  high  summer  values  of  dry-bulb  and  wet-bulb 
temperatures  do  not  always  occur  simultaneously  it  would  be  expected 
that  the  ASHRAE  1 percent  and  5 percent  values  of  wet-bulb  and  dry-bulb 
temperatures  determined  independently  would  occur  less  than  1 percent 
and  5 percent  of  the  summer  hours  as  coincident  conditions,  respectively 


10 


This  hypothesis  is  supported  for  five  of  the  six  cities  by  the  relation 
between  the  parallelograms  and  the  M and  II  curves  on  Figures  13  through 
18.  The  psychrometr ic  condition  represented  in  the  charts  by  the  ASHRAE 
one  percent  wet-bulb  and  drv-bulb  temperatures  lie  outside  of  the  II 
curve  in  five  of  the  six  figures,  and  the  psychrometr ic  condition  repre- 
sented by  the  ASHRAE  five  percent  wet-bulb  and  dry-bulb  temperature  lie 
outside  of  the  M curve  in  an  equal  number  of  cases.  Since  the  II,  M, 
and  L curves  in  these  psychromet ric  charts  represent  a "best  fit"  or 
smoothing  of  the  observed  data,  not  all  of  the  psychrometr ic  conditions 
of  1-,  5-,  and  15-percent  frequency  of  occurrence  for  a selected  period 
of  years  would  lie  on  these  curves. 

Figures  13  to  18  show  that  the  highest  wet-bulb  temperatures  did  not 
occur  during  the  day  or  week  with  the  highest  dry-bulb  or  dewpoint 
temperatures.  Only  in  Minneapolis  did  the  maximum  wet-bulb  temperature 
on  the  most  humid  day  equal  the  one  percent  ASHRAE  value.  These  rela- 
tions appear  to  confirm  the  conclusions  reached  in  the  Fluor  [5J 
analysis  that  days  with  high  wet-bulb  temperature  occur  when  there  is 
a high  moisture  content,  and  the  dry-bulb  temperature  is  considerably 
below  the  maximum  for  that  particular  locality. 

The  hottest  week  and  the  most  humid  week  of  the  summer  each  com- 
prise about  67o  of  the  total  hours  in  the  four  summer  months.  However, 
figures  13  to  18  indicate  that  the  maximum  dry-bulb  temperatures  during 
the  hottest  week  approximate  the  ASHRAE  1%  dry-bulb  temperatures.  At 
the  same  time  the  magnitude  of  the  daily  range  of  dry-bulb  temperature 
during  both  extremely  hot  and  humid  periods  in  relation  to  the  L,  M and 
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1-1  frequency  curves  in  these  figures  indicate  the  potential  benefit  to 
be  obtained  in  a ventilated  shelter  from  the  diurnal  psychr ome tr ic 
changes . 

The  simultaneous  presentation  of  the  average  daily  range  of 
psychrometr ic  conditions  for  extreme  days  and  weeks,  and  the  non- 
coincident ASHRAE  and  Fluor  coincident  dry-bulb  and  wet-bulb  temperature 
data  in  figures  13  to  18  illustrates  that  the  relation  among  these  sets 
of  information  is  not  the  same  for  all  cities  or  all  climates.  It  also 
indicates  that  there  is  no  straightforward  way  to  predict  the  daily 
cycle  of  psychrometr ic  conditions  for  extreme  weather  periods  from  the 
presently  published  percentile  values  based  on  cumulative  hourly  data. 

The  hourly  data  provided  by  the  U.  S.  Weather  Record  Center  included 
rainfall  record.  The  rainfall  data  for  Washington,  D.  C.  is  summarized 
in  tables  1 through  6. 

Although  most  of  the  hottest-days  were  sunny  days,  the  high-dewpoint- 
days  did  not  necessarily  have  rain  of  long  duration.  The  number  of  days 
that  had  rain  during  the  7-day  periods  of  high  dry-bulb  temperatures  or 
of  high  dewpoint  temperatures  were  fairly  constant  throughout  the  10- 
year  period  for  all  six  cities.  The  most  humid  week  averaged  4 to  5 days 
with  rain  for  all  six  cities,  except  Medford,  Ore.,  but  very  few  of 
these  days  had  protracted  rainy  weather.  Most  of  the  hottes t-weeks  and 
less  than  three  days  with  rain.  No  appreciable  rain  was  recorded 
during  the  hottest-day  for  the  10-year  record  for  any  of  the  six  cities 
[except  for  July  19,  1957,  and  July  21,  1960,  in  Minneapolis,  Minn.] 

However,  50  percent  of  the  most-humid-days  had  occasional  rain  for  all 
cities . 
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The  wind  data  were  separately  compiled  from  the  supplement  to 
"Local  Climatological  Data,"  a Weather  Bureau  publication,  for  the 
calendar  dates  of  the  highes t-dry-bulb  and  highes t-dewpoint  days  of  the 
six  cities.  Tables  1 through  6 also  include  the  direction  and  average 
speed  of  the  prevailing  wind  for  the  extreme  days.  The  prevailing  wind 
direction  is  that  direction  from  which  the  winds  blew  more  hours  than 
from  any  other  direction  for  the  period  under  consideration.  The 
direction  and  magnitude  of  the  winds  for  the  hottest-day  and  the  most- 
humid  day  for  these  six  cities  agree  very  well  with  the  general  wind 
pattern  indicated  in  the  map  (Fig.  73)  of  Fluor 's  publication  [5],  The 
wind  data  for  the  hot tes t-week-days  and  the  most-humid-week  days  have 
not  been  analyzed,  but  they  are  expected  to  be  very  similar  to  those 
presented  herein.  The  wind  data  may  be  useful  for  the  design  of 
ventilation  air  inlet  or  outlet  openings.  The  data  are  also  helpful 
in  arriving  at  a reasonable  ground  surface  heat  exchange  calculation 
where  the  surface  heat  transfer  coefficient  is  directly  related  to 
wind  velocity. 
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4.  HARMONIC  ANALYSIS  OF  T1 IE  WEATHER  DATA 


The  dynamic  evaluation  of  shelter  thermal  environment  based  upon 

the  cyclic  change  of  climatic  conditions  is  usually  carried  out  by 
anal og 

digital  or/computer.  For  these  computer  analyses,  mathematical  expressions 
of  the  cyclic  patterns  are  convenient  for  handling  the  input  data.  The 
mathematical  simulation  of  cyclic  input  data  may  be  achieved  by  a 
least-squares  curve-f itting  technique  [ 7 J . Cycl ic-t emper ature  and 
sol ar-radia t ion  data  can  be  fitted  to  the  following  general  formula  by 
the  least-squares  technique: 

N N 

x = A + £ A.  cos  (Yu.  9)  + £ B.sin(u).Q)  (1) 

o . - i i . - i i 

i=l  i=l 

i2n  / 

(JO.  = — — - radians/hour 
l 24 

9 = hour  (local  standard  time  +1) 
x = temperatures  or  solar  radiation 

After  the  constants  A , A. , and  B • i = 1,  2,  3,  . . . N have 
been  properly  evaluated  by  the  least-squares  technique,  the  best  fit 
values  are  computed  and  are  shown  in  tables  7 through  30.  The  harmonic 
constants  up  to  the  fourth  degree  are  indicated  in  these  tables,  together 
with  their  respective  standard  deviations.  (It  was  found  during  this 
study  that  Fourier  constants  higher  than  the  fourth  degree  harmonics 
were  not  needed.)  The  best  fit  values  shown  in  tables  7 through  30  are 
naturally  in  very  close  agreement  with  the  arithmetic  averages  plotted 
in  figures  1 through  6.  The  standard  deviations  of  these  calculated 
temperatures  and  solar  radiations  are  also  shown  in  these  tables. 
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When  calculating  solar  radiations  by  use  of  the  least-squares 
constants  as  in  tables  7 through  30,  it  is  recommended  that  x in  equation 
(1)  be  set  equal  to  zero  for  time  periods  when  tbe  sun  is  down. 

Calculated  solar  radiations  by  the  lea s t- squares  formula  have  higher 
standard  deviations  than  do  the  temperatures,  because  of  the  fluctuating 
nature  of  the  radiations  due  to  cloud  cover.  Figure  19  illustrates  the 
scatter  of  the  hottest  day  solar  radiation  of  the  Washington,  D.  C., 
area  from  tbe  10-year  record.  This  figure  also  includes  two  least 
square  fitted  curves;  one  employing  up  to  tbe  second  harmonic  and  the 
other  employing  up  to  the  sixth  harmonic,  which  indicates  a small  differ- 
ence a phase  angle  for  the  maximum  value. 

The  solar  radiation  was  analyzed  in  this  study,  because  the  cal- 
culation of  protective  shelter  themal  environment  requires  it  as  a 
function  of  time  in  many  cases.  Solar  heating  influence  becomes 
particularly  significant  for  many  above-ground  shelters,  as  well  as  for 
shallow  underground  shelters  with  paved  roof  surfaces.  Accurate  design 
daca  for  solar  radiation  and  realistic  simultaneous  solar  data  with 
coincident  temperature  and  humidity  conditions  of  surface  air  have  been 
lacking  even  though  there  have  been  many  efforts  in  the  past  to  theoreti- 
cally calculate  the  available  solar  radiation  using  the  sun's  altitude 
angle,  extra-terrestrial  observation  of  solar  constants,  and  absorption 
and  scattering  characteristics  of  solar  energy  by  constituents  of  air, 
moisture,  and  dust.  Most  present-day  calculations  are  made  for  special 
conditions  such  as  a cloudless  sky,  and  for  assumed  moisture  and  dust 
concentrations  in  the  atmosphere.  Moreover,  the  calculation  technique 
for  diffuse  sky  radiation  is  still  incomplete.  It  is  therefore 
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interesting  to  compare  the  observed  solar  data  with  those  computed  by 
a known  technique 

A typical  procedure  for  calculating  the  solar  incident  radiation 
upon  a horizontal  surface  is  shown  in  the  following  paragraph.. 

Moon's  proposed  standard  in  the  ASRRAE  - tab]  cs  [.  2]  may  be  used  to 
estimate  the  direct  normal  solar  radiation  at  sea  level  under  cloudless 
conditions,  where  precipitable  water  vapor  in  the  air  is  20  mm,  dust 
particle  concentration  is  300/cm3 , and  ozone  partial  pressure  is  2.8  mm 
Hg . The  diffuse  sky  radiation  on  the  other  hand  may  be  estimated  by  the 
observed  value  of  the  ASHRAE  Cleveland  Laboratory  on  cloudless  days  [2] 
during  which  the  observed  direct  normal  incidence  values  closely 
approximated  Moon's  standard  value.  The  sum  of  the  direct  radiation  based 
upon  Moon's  standard  and  ASHRAE  diffuse  radiation  over  the  horizontal 
surface  is  compared  in  tables  31  through  54  with  the  average  observed 
solar  radiation  for  the  average  hottest-day.  These  tables  also  include 
extraterrestrial  radiation  and  the  sun's  altitude  angles  as  functions  of 
local  standard  time.  As  can  be  seen,  the  calculated  solar  radiations  in 
tables  31  through  54  are  generally  higher  than  the  observed  values,  for 
the  hottest-day.  Even  in  the  most-h umid-day  and  days  of  the  most-humid- 
week,  a large  amount  of  solar  radiation  was  observed.  However,  the  total 
radiation  for  the  humid  days  is  less  than  that  for  the  hot  days,  as 
expected. 

At  the  time  when  the  final  draft  of  this  report  was  being  pre- 
pared, the  author  encountered  a report  of  L.  0.  Degelman  [8]  describing 
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the  most  recent  solar  heat  calculation  me thodol ogy . 

The  calculated  results  by  the  Degelman’s  method  agreed  well  at 
least  for  the  data  of  table  35  when  the  Moon’s  standard  values  were  used 
for  the  direct  normal  radiation  together  with  the  Degelman's  recommended 
formula  for  the  diffuse  sky  radiation. 
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5.  APPLICATION  OF  COINCIDENT  CLIMATIC  DATA  TO  UNDERGROUND  SHELTERS 
The  diurnal  cycles  of  coincident  dry-bulb  and  dewpoint  temperatures 
developed  in  this  study  for  the  Washington,  D.  C.  area  were  applied  to 
the  heat  transfer  analysis  of  two  underground  shelters  with  simulated 
occupancy.  This  analysis  was  performed  with  a digital  computer  program 
of  the  National  Bureau  of  Standards,  which  had  provided  satisfactory 
comparisons  between  observed  and  calculated  values  of  the  temperature 
and  humidity  in  seven  prototype  shelters  of  various  sizes  and  types. 

This  computer  program  employs  a finite  difference  calculation  of  three- 
dimensional  heat  conduction  in  conjunction  with  time- dependent  ventila- 
tion air  conditions,  and  is  similar  to  the  program  described  in  ref- 
r i 20,21  and  22 

erence  L6Jo  Figures  illustrate  results  of  such  computer 

calculations  for  shelter  thermal  environment  in  terms  of  ASHRAE  effective 
temperature  for  still  air.  In  each  of  these  calculations  the  initial 
temperature  inside  the  shelter  and  in  the  surrounding  eferth 
was  assumed  to  be  6805°F,  which  is  approximately  the  maximum  mean 
earth  temperature  to  a 10-ft  depth  at  Washington,  D.  C,. 

Figure^#  lepicts  the  calculated  effective  temperature  in  a 540-man 
shelter  (5525  sq  ft  of  floor  area)  during  an  8-day  occupancy  period 
for  three  different  outside  TTaather  conditions  with  a per  capita  venti- 
lation rate  of  10  cfm,  In  this  figure  the  solid  line  shows  the  calcu- 
lated effective  temperature  of  the  shelter  for  ventilation  air  conditions 
representing  seven  repetitive  diurnal  cycles  of  coincident  dry-bulb  and 
dewpoint  temperatures  equal  to  the  10-year  average  hottest-week  followed 
by  one  diurnal  cycle  equal  to  the  10-year  average  hottest— day  for 
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Washington,  D.  C The  dotted  line  shows  the  calculated  effective 
temperature  for  7 days  with  climatic  conditions  equal  to  the  10-year 
average  most-humid -week  followed  by  one  day  equal  to  the  10-year  average 
mos t -humid-day . The  dashed  curve  in  figurej?f)  shows  the  calculated 
effective  temperature  of  the  shelter  during  an  8-day  period  when  the 
daily  maximum  dry-bulb  temperature  and  wet-bulb  temperature  were  made 
equal  to  the  570  design  conditions  in  the  ASHRAE  Guide;  the  diurnal 
range  of  dry-bulb  temperature  was  chosen  to  equal  the  published  average 
daily  range  for  the  hottest  month  in  Washington,  D C.,  viz  18°F,  and 
the  dewpoint  temperature  was  assumed  :o  be  constant,  since  there  is  no 
published  daily  range  for  this  parameter. 

It  can  be  seen  in  figure^//  that  the  shelter  temperature  attained 
an  almost  repetitive  diurnal  cycle  after  the  first  two  or  three  days 
for  each  of  the  assumed  climatic  conditions  The  ventilation  air 
temperature  cycle  that  involved  the  ASHRAE  5%  design  values  of  dry-bulb 
and  wet-bulb  temperatures  produced  a higher  shelter  effective  tempera- 
ture than  did  the  average  cycle  for  the  hottest  week,  but  not  as  high 
as  the  average  cycle  for  the  hottest  single  day.  The  greatest  difference 
in  diurnal  maximum  effective  temperature  among  the  three  climatic  con- 
ditions was  less  than  2 degrees;  however,  there  was  almost  no  variation 
in  the  diurnal  minimum  effective  temperature  in  the  shelter  for  the 
three  climatic  conditions,  The  small  difference  in  the  time  of  the  daily 
maximum  effective  temperature  between  the  diurnal  cycle  corresponding 
to  the  average  hottest  week  and  that  corresponding  to  the  ASHRAE  5% 
design  dry«bulb  and  wet-bulb  temperatures  was  caused  by  the  nature  of 
the  variation  in  the  diurnal  dewpoint  temperature  for  the  former. 
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The  effect  of  ventilation  rate  on  the  effective  temperature  in- 
side the  shelter  over  a 3-day  period  is  shown  in  figure^/  for  two 
climatic  conditions.  Doubling  the  ventilation  rate,  from  1 0 cfm  to 
20  cfm  per  person,  in  the  540-man  shelter  increased  the  diurnal  varia- 
tion in  shelter  effective  temperature  about  40  percent,  reduced  the 
m_nimum  daily  effective  temperature  about  3.5  degrees  F,  and  reduced 
the  maximum  daily  effective  temperature  about  2 degrees  F for  both 
types  of  climatic  conditions  illustrated. 

A similar  calculation  of  shelter  effective  temperature  for  a 
family-size  shelter  with  6 occupants  and  a ventilation  rate  of  7 cfm 
per  person  is  illustrated  in  figur  eZ2,  The  levels  of  effective  tempera- 
ture in  the  shelter  fell  in  the  same  order  in  this  small  shelter  with 
respect  to  the  three  outside  weather  conditions  as  for  the  larger  shelter 
illustrated  in  figure^V?e  However,  the  daily  range  in  effective 
temperature  was  2 degrees  or  less  in  the  smaller  shelter  because  there 
was  more  surface  area  per  occupant  in  the  smaller  shelter  to  provide 
heat  exchange  with  the  surroundings.  Furthermore,  there  was  only  a 
little  more  than  one  degree  difference  in  maximum  diurnal  effective 
temperature  inside  the  shelter  for  the  three  outside  weather  conditions, 
which  incorporated  a 7 degree  difference  in  maximum  diurnal  dry-bulb 
temperature. 
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ft-  SUMMARIES 


Tnis  pilot  analysis  of  coincident  weather  data  from  six  cities 
representing  different  types  of  climatic  conditions  indicated  the 
following  points: 

(1)  The  diurnal  levels  of  coincident  dry-bulb  r.nd  wot-bulb  tempera- 
tures during  the  hottest-day  and  week  during  the  most-humid-day  and 
week  cannot  be  derived  directly  from  the  presently  published 
percentile  levels  of  extreme  temperatures  based  on  total  summer 
hours  for  various  climates* 

(2)  The  dewpoint  temperature  undergoes  a small  daily  cycle  with  a 
range  of  4 to  8 degrees  during  the  hottest  days  and  approximately  half 
of  this  range  uju  ..ug  the  hott es t-week , and  most-humid-day  and  week. 

Thus  an  assumption  of  constant  diurnal  dewpoint  temperature  during 
extreme  summer  weather  is  not  well-founded. 

(3)  The  daily  range  in  dry-bulb  temperature  was  about  507o 
greater  during  the  hottest-week  than  for  the  mo st -humid -week . 

(4)  The  hottest-week  and  most-humid-week  of  the  summer  sometimes 
overlap.  The  hottest— day  of  the  summer  occurs  during  the  hottest-week 
about  60  percent  of  the  time  and  can  occur  anytime  during  the  7 consecu- 
tive days  of  hot  weather. 

(5)  The  diurnal  cycles  of  dry-bulb  temperature,  dewpoint  temperature, 
and  solar  radiation  can  be  presented  by  harmonic  equations  with  constants 
evaluated  to  the  fourth  degree  with  relatively  small  differences  between 
the  calculated  values  and  the  10-year  average  observed  values. 
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(e,)  The  toi  al.  observed  raclialio  i on  a lior'i  xontal  .surf  rice  rl«»r  ".g 
Lhe  h attest— da y aud-week  was  considerably  less  for  some  of  l-he  six  cities 
than  the  value  derived  by  adding  the  solar  radiation  calculated  from 
Moon's  proposed  standard  and  the  ASHRAM  value  for  diffuse  sky  radiation. 
The  solar  and  sky  radiation  should  not  be  ignored  during  the  most-huiud- 


days  and-weeks. 

The  use  of  the  three  different  design  conditions  for  the  venti- 
lation air  for  a 540-man  shelter  and  a 6-man  family  shelter  in 
Washington,  D C indicated  the  following  conclusions  for  this  illustra- 
tive example: 

(1)  The  psychrometr ic  conditions  representing  the  1 0-year- aver age 
hottest- week  produced  substantially  the  same  shelter  environment  as  the 
psychrometr ic  conditions  representing  the  1 0-year- aver age  most-humid  — 

week. 


(2)  The  psychrometr ic  conditions  represented  by  the  5 percent 
ASHRAE  non-coincident  dry-bulb  and  wet-bulb  temperatures  in  combination 
with  a diurnal  dry-bulb  variation  equal  to  that  for  the  hottest  month 
produced  only  slightly  higher  effective  temperatures  inside  the  shelter 
than  the  10-year-average  hottest-week  conditions. 

(3)  The  magnitude  of  the  diurnal  variation  in  shelter  effective 
temperature  increased  with  the  size  of  shelter  and  also  with  an  increase 
in  per  capita  ventilation  rate0 

(4)  The  average  shelter  effective  temperature  at  the  end  of  the 
average  hottest-week  wa.s  nearly  equal  for  the  540-man  shelter  and  for 
the  6-man  shelter,  with  ventilation  rates  per  person  being  10  cfm  and 
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7 c fm  respectively.  Doubling  the  ventilation  r3  t6  in  the  larger  shelter 
lowered  the  average  effective  temperature  about  3 degrees. 

Although  not  included  in  this  analysis,  days  and  weeks  of  high 
wet-bulb  temperature  should  also  be  considered  if  the  similar  study  is 
to  be  undertaken  in  the  future. 
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TABLE  1 


Phoenix,  Arizona 
Municipal  Airport 


Year 

Highest  DB  Week 

Highest  DP  Week 

Highest  DB  Day 

Highest  DP  Day 

1953 

June  29  - July  5 

July  13  - July  19 

July  2 

July  17 

1954 

July  27  - Aug.  2 

July  20  - July  26 

July  28 

July  24 

1955 

July  10  - July  16 

Aug.  18  - Aug.  24 

June  9 

Aug.  14 

1956 

July  6 - July  12 

July  26  - Aug.  1 

June  12 

July  30 

1957 

June  23  - June  29 

Aug  15  - Aug.  21 

July  31 

July  18 

1958 

July  8 - July  14 

Aug.  11  - Aug.  17 

July  11 

Sept . 1 2 

1959 

June  13  - June  19 

Aug.  12  - Aug.  18 

June  18 

Aug.  12 

1960 

July  15  - July  20 

Aug.  6 - Aug.  12 

July  18 

Aug.  22 

1961 

June  20  - June  26 

Aug.  15  - Aug.  21 

June  24 

Aug.  29 

1962 

Aug.  11  - Aug.  17 

Sept .21  - Sept . 29 

Aug.  15 

Sept . 25 

Rain  Data 

Average 

number  of  days  that  rained  during  the 

week 

i 

. i 

1.6 

4 

Average 

weekly  rainfall  (in.) 

T 

.22 

Avera  ge 

daily  rainfall  (in.) 

T 

0.03 

T 

0.24 

Prevailing  Wind  Data 

Direction 

W 

E 

Speed  (mph) 

9.3 

7.8 

Washington,  D.C. 
National  Airport 


TA9LK  2 


Highest  DB  Day  Highest  DP  Day 


TABUS  3 


Lake  Charles,  La. 


Year 

Highest  DB  Week 

Highes  t 

1933 

June  15  - June  21 

July  18  - 

19  34 

July  20  - July  26 

July  16  - 

1955 

Aug.  20  - Aug.  26 

July  12  - 

1956 

Aug.  7 - Aug.  13 

Aug.  14  - 

1957 

July  10  - July  16 

July  27  - 

1958 

July  27  - Aug.  2 

June  14  - 

1959 

Aug.  2 - Aug.  8 

Sept . 25  - 

1960 

July  23  - July  29 

Aug.  19  - 

1961 

Aug.  31  - Sept.  6 

Aug.  30  - 

1962 

Aug.  7 - Aug.  13 

Sept.  9 - 

DP  Week 


July 

24 

June 

21 

July 

20 

July 

22 

June 

30 

July 

19 

July 

18 

Aug. 

23 

Sept 

22 

Aug. 

20 

Aug. 

9 

Aug. 

30 

Aug. 

2 

July 

11 

June 

28 

June 

20 

Aug. 

2 

June 

15 

Oct . 

1 

Aug. 

7 

Sept 

28 

Aug. 

25 

July 

27 

Aug. 

21 

Sept 

5 

Aug. 

3 

Sept 

2 

Sept 

13 

Aug. 

9 

Sept 

12 

Rain  Data 

Average  number  of  days  that  rained  during  the  week 


1.4  ! ■ 4.6 


Average  weekly  rainfall  (in.) 


0.23 


Average  daily  rainfall 


1.32 

(in.) 


; 0.03 

i 

0.2 

0 

0.15 

Prevailing  Wind  Data 

Direction 

W 

S 

Speed  (mph) 

7.7 

10.3 

TABLE  4 


M i nnoapo 1 1 s , Minnesot a 
International  Airport 


Year 

Highest  DB  Week 

Highest  DP  Week 

Highest  DB  Day 

Highest  DP  Day 

1953 

Aug . 27  - Sep t . 2 

July  28  - Aug.  3 

June  18 

June  30 

1954 

July  11  - July  17 

Aug.  21  - Aug.  27 

June  24 

June  25 

1955 

July  28  - Aug.  23 

July  28  - Aug.  3 

July  26 

Aug.  2 

1956 

June  9 - June  15 

June  15  - June  21 

June  13 

Aug . 4 

1957 

July  6 - July  12 

July  14  - July  20 

July  19 

July  18 

1958 

June  27  - July  3 

Aug.  5 - Aug.  11 

Aug . 9 

Aug . 9 

1959 

July  26  - Aug.  1 

Aug.  19  - Aug.  25 

Aug.  19 

Aug . 20 

1960 

Aug.  31  - Sept.  6 

Aug.  30  - Sept.  5 

July  21 

Aug.  31 

1961 

Aug.  27  - Sept.  2 

July  27  - Aug.  2 

June  28 

Sept . 9 

1962 

June  24  - June  30 

July  1 - July  7 

June  28 

July  7 

Rain  Data 

Average 

number  of  days  that  rained  during  the 

week 

2.8 

4 . 6 

Average 

weekly  rainfall  (in.) 

0.52 

1.75 

Average 

daily  rainfall  (in.) 

0.08 

0.25 

0.17 

0.13 

Prevailing  Wind  Data 

Direction 

S 

S 

Speed  (mph) 

14 

12 

TABLE  5 


Medford,  Oregon 
Municipal  Airport 


Year 

Highest  DB  Week 

Highest  DP  Week 

Highest  DB  Day 

Highest  DP  Day 

1953 

Aug.  8 - Aug.  14 

Sept . 9 - Sept . 15 

Aug-.  12 

Sept . 6 

1954 

July  12  - July  18 

July  12  - July  18 

July  13 

July  14 

1955 

Aug.  4 - Aug.  10 

June  4 - June  10 

July  14 

July  13 

1956 

July  18  - July  24 

July  7 - July  13 

July  8 

July  13 

1957 

July  4 - July  10 

Sept. 26  - Oct.  2 

Ju  ly  5 

June  4 

1958 

July  23  - July  29 

June  17  - June  23 

July  28 

June  22 

1959 

July  17  - July  23 

July  16  - July  22 

July  22 

July  19 

1960 

Aug.  6 - Aug.  12 

July  25  - July  31 

July  6 

July  29 

1961 

Aug.  2 - Aug.  8 

Aug . 1 - Aug . 7 

July  11 

Aug.  5 

1962 

July  23  - July  29 

Aug.  7 - Aug.  13 

July  26 

Aug . 9 

Rain  Data 

Average 

number  of  days  that  rained  during  the 

week 

0.4 

2.5 

Average 

weekly  rainfall  (in.) 

T 

0.4 

Average 

daily  rainfall  (in.) 

0 

0.05 

0 

0.09 

Prevailing  Wind  Data 

Direction 

W 

W 

Speed  (mph) 

10.1 

8.2 

TABIJi  6 


Houston,  Texas 

In L orna  L i ona l A i rpor L 


Year 

Highest  DB  Week 

Highest 

DP  Week 

Hi ghes  t 

DB  Day 

Highest 

DP 

1953 

June 

19  - June 

23 

July 

18  - 

Ju  ly 

24 

July 

22 

Sept 

3 

1954 

Ju  ly 

21  - July 

27 

Sept . 

29  - 

Oct . 

5 

Aug. 

30 

Oct. 

1 

1955 

Aug. 

21  - Aug. 

27 

Sept  . 

21  - 

Sept  . 

27 

Aug. 

25 

Sept 

22 

1956 

Aug. 

9 - Aug. 

15 

Aug. 

26  - 

Sept . 

1 

Aug. 

31 

Aug. 

30 

1957 

July 

28  - Aug. 

3 

June 

27  - 

July 

3 

July 

12 

June 

29 

1958 

June 

15  - June 

21 

Aug. 

18  - 

Aug. 

24 

June 

20 

Sept 

22 

1959 

Aug. 

1 - Aug. 

7 

Sept . 

23  - 

Sept . 

29 

June 

18 

Sept 

28 

1960 

July 

25  - July 

31 

Aug. 

17  - 

Aug. 

23 

July 

29 

Aug. 

18 

1961 

Aug. 

31  - Sept. 

6 

July 

13  - 

July 

19 

Sept 

6 

July 

13 

1962 

Aug. 

7 - Aug. 

13 

Sept . 

7 - 

Sept . 

13 

Aug. 

13 

Aug. 

30 

Rain 

Data 

Average 

number 

of  days  that  rained  during  the  week 

1.9 

4. 

9 

Average 

weekly 

rainfall  ( 

in.) 

0 . 56 


1.05 


Average  daily  rainfall  (in.) 


0o  08 


0.15 


Prevailing  Wind  Data 

Direction 

Speed  (mph) 


S 

11.7 


0.04 


S 

12.0 


TABLE  7. 

BEST  FITTED  HOURLY  VALUES  OF  DRY-BULB  AND  DEWPOINT  TEMPERATURE 
AND  TOTAL  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE  USING 
LEAST  SQUARES  TECHNIQUE  FOR  THE  AVERAGE  HOTTEST  DAY  OF 
1953-1962  INCLUSIVE  IN  PHOENIXt  ARIZONA 


LOCAL 

SOLAR 

STANDARD 

DRY-BULB 

(S.D. ) 

DEWPOINT 

< S.D. ) 

BTU/HR 

(S.D. ) 

TIME 

TEMP. (F) 

TEMP .(F) 

PER  SQ.FT. 

o. 

92.8 

3.596 

52.6 

8.314 

-0.0 

-0.000 

1. 

91.8 

3.273 

53.0 

7.959 

-0.0 

-0.000 

2. 

90.1 

4.280 

53.8 

6.579 

-0.0 

-0.000 

3. 

87.7 

4.274 

54.6 

6.111 

-0.0 

-0.000 

4. 

85.3 

4.306 

55.1 

6.512 

-0.0 

-0.000 

5. 

83.9 

4. 780 

55.1 

5.873 

-0.0 

0.000 

6* 

84.6 

4.408 

55.0 

6.272 

19.1 

5.276 

7. 

87.5 

2.767 

55.1 

6.501 

66.4 

16.448 

8. 

91.6 

2.366 

55.4 

5.142 

133.8 

17.650 

9. 

96.0 

2.108 

55.5 

5.827 

203.5 

26.226 

10. 

99.7 

1.663 

54.8 

7.125 

257.9 

40.742 

11. 

102.4 

1.252 

53.5 

5.777 

290.0 

20.514 

12. 

104.7 

1.398 

51.9 

8.396 

303.0 

22.405 

13. 

106.8 

1.418 

50.5 

7.325 

302.4 

37.375 

. 

108.9 

2.573 

49.6 

6.782 

287.6 

30.325 

15. 

110.5 

2.741 

49.0 

5.322 

252.7 

29.772 

16. 

111.3 

2.685 

48.3 

5.322 

195.6 

35.151 

17. 

110.7 

2.767 

47.8 

5.915 

125.5 

39.615 

18. 

108.6 

3.725 

47.8 

5.493 

60.5 

21.712 

19. 

105.4 

3.239 

48.7 

5.944 

16.9 

7.412 

20. 

101.7 

3.559 

50.1 

6.413 

-0.0 

0.000 

21. 

98.1 

3.773 

51.5 

6.420 

-0.0 

-0.000 

22. 

95.4 

3.719 

52.4 

6.446 

-0.0 

-0.000 

23. 

93.7 

3.712 

52.6 

7.177 

-0.0 

-0.000 

( S.E.  ) 

0.615 

1.224 

3.968 

HARMONIC  CONSTANTS  AND  THEIR 

STANDARD  DEVIATIONS 

(S.E. ) 

(S.E.) 

(S.E. ) 

AO 

97.88 

0.20 

52.24 

0.41 

104.53 

1.32 

A1 

-3.72 

0.29 

-0.43 

0.58 

-146.70 

1.87 

B1 

-11.78 

0.29 

3.50 

0.58 

-58.54 

1.87 

A2 

0.39 

0.29 

0.79 

0.58 

41.74 

1.87 

B2 

1.42 

0.29 

-0.53 

0.58 

39.08 

1.87 

A3 

-0.65 

0.29 

-0.01 

0.58 

2.08 

1.87 

B3 

1.60 

0.29 

-0.14 

0.58 

5.07 

1.87 

A4 

-0.20 

0.29 

0.01 

0.58 

-0.93 

1.87 

B4 

-0.12 

0.29 

-0.48 

0.58 

-9.92 

1.87 

(S.E.)  THE 

STANDARD 

ERROR  OF 

THE  BEST  ESTIMATE  VALUES. 

(S.D.)  THE 

STANDARD 

DEVIATION 

OF  THE  OBSERVED  VALUES. 

TABLE  8. 

PEST  FITTED  HOURLY  VALUES  OF 

DRY-BULB  AM)  DEWPOINT 

TEMPERATUR 

c 

AND  TOTAL 

SOLAR  RADIATI 

UN  INCIDENT  UPON 

A HORIZONTAL  SURFACE 

USING 

LEAST  SQUARES  TECHNIQUE 

FUR 

THE  AVERAGE 

MUST  HUMIC 

DAY  (JF 

1 )53-19o2 

INCLUSIVE  IN 

PHOENIX,  ARIZONA 

LOCAL 

SOLAR 

STANDARD 

DRY-BULB  ( S.D.  ) 

DEWPOINT 

(S.D.) 

RTU/HR 

( S.D.  ) 

TIME 

T E M P . ( F ) 

TEMP  .(F) 

PER  SQ.FT. 

78. 3 

4.315 

70.5 

<i.633 

-0.0 

-0.000 

1 

a.  e 

7 8.0 

4.223 

70.  3 

2.541 

-0.0 

-0.000 

<L  • 

7 7.3 

4.142 

70.3 

3.190 

-0.0 

-0.000 

76.5 

3.893 

70.  3 

2.359 

-0.0 

-0.000 

A • 

75.7 

3.502 

70.5 

1.841 

-0.0 

-0.000 

5 . 

75.1 

3.190 

70.6 

2.875 

-0.0 

0.000 

c * 

75.  1 

2.846 

70.6 

^.869 

3.3 

4.097 

7. 

76.1 

3. 127 

70.5 

<L  « 3 6 6 

33.9 

18.299 

fc  • 

77.9 

3.584 

70.4 

2.961 

6 8.7 

32.652 

9 • 

80.0 

4.222 

70.3 

4.989 

10  5.3 

70.930 

I u • 

31.8 

5.420 

70.  1 

<_.214 

13  8.4 

82.519 

11. 

83.2 

5.735 

6 9 . 9 

2.111 

16  6.9 

109.963 

12. 

84.2 

0.346 

6 9.5 

2. 591 

190.0 

108. 577 

13. 

85.3 

6.741 

69.1 

2.514 

2 0 2.9 

93.010 

1 A, 

86.4 

5.363 

6 8.9 

2.601 

19  7.8 

97.214 

i * 

87.2 

5.692 

6 3.9 

3.164 

16  9.8 

87.603 

i 6 # 

87.5 

0.613 

69.1 

3.240 

123.2 

69.680 

17. 

87.0 

7.011 

6 9.4 

3.213 

71.7 

52.948 

i b • 

8 5.8 

7.055 

6 9.3 

2.221 

3 0.7 

29.726 

19. 

8 4.5 

7.056 

70.2 

2.821 

8.0 

7.715 

20. 

83.  1 

6.179 

7 0.5 

2.710 

-0.0 

-0.000 

21. 

8 2.0 

5.925 

70.8 

1.650 

-0.0 

“0.000 

2 c.  * 

80.9 

5.425 

7 u • 8 

2.283 

-0.0 

-0.000 

23. 

79.8 

5.109 

70.7 

2.359 

-0.0 

-0.000 

( S.E.  ) 

0.976 

u.497 

10.293 

HARM  0 N I C 

CONSTANTS  AND 

THE  I R 

STANDARD  DE 

V I A T I ON S 

( S.fc  . 

) 

( S.E.  ) 

(S.E. ) 

AU 

81.22 

0.33 

70.07 

0.17 

63.00 

3.43 

A 1 

-1.52 

0.46 

0.47 

0.2  3 

-88.53 

4.85 

6 1 

-5.50 

0.46 

0.52 

0.2  3 

-41.31 

4.85 

A 2 

0.23 

0.46 

0.16 

0.23 

24.29 

4.85 

B2 

0.66 

0.4  6 

-0.44 

0.23 

32.69 

4.85 

A3 

-0.18 

0.46 

-0.05 

0.23 

4.42 

4.85 

B3 

0.45 

0.46 

-0.08 

C.  23 

-3.74 

4.85 

A4* 

0.05 

0.46 

0.05 

0.23 

-4.52 

4.  35 

B4 

-0.27 

0.46 

-0.03 

0.23 

-4.47 

4.85 

( S . £ • ) THE  STANDARD  ERROR  OF  THE  BEST  ESTIMATE  VALUES* 


( S. D.  ) 


rHE  STANDARD  DEVIATION  OF  THE  OBSERVED  VALUES 


TABLE  9. 

BEST  FITTED  HOURLY  VALUES  OF  DRY-BULB  AND  DEWPOINT  TEMPERATURE 
AND  TOTAL  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE  USING 
LEAST  SQUARES  TECHNIQUE  FOR  THE  AVERAGE  HOTTEST  WEEK  DAY  OF 
1953-1962  INCLUSIVE  IN  PHOENIX,  ARIZONA 
UNDRFLOW  AT  40776  IN  MQ 

UNDRFLOW  AT  40776  IN  HQ 

UNDRFLOW  AT  40776  IN  HQ 

UNDRFLOW  AT  40776  IN  HQ 

UNDRFLOW  AT  40776  IN  MQ 


LOCAL 

SOLAR 

STANDARD 

DRY-BULB 

(S.D. ) 

DEWPOINT 

(S.D. ) 

BTU/HR 

(S.D. ) 

TIME 

TEMP. (F) 

TEMP .(F) 

PER  SQ.FT. 

0* 

90.1 

4.006 

54.3 

7.590 

-0.0 

-0.000 

1. 

88.7 

4.224 

54.2 

7.562 

-0.0 

-0.000 

2. 

87.0 

4.207 

54.2 

7.215 

-0.0 

-0.000 

3. 

85.0 

4.14G 

54.  4 

7.097 

-0.0 

-0.000 

4. 

83.1 

4.344 

54.5 

6.768 

-0.0 

-0.000 

5, 

82.2 

4.393 

54.6 

6.862 

-0.3 

0.180 

6. 

82.9 

4.191 

54.6 

6.927 

19.2 

6.023 

7. 

85.5 

3.309 

54.8 

7.011 

63.2 

18.372 

8* 

89.4 

2.814 

55.1 

7.265 

126.6 

27.147 

9. 

93.4 

2.826 

55.4 

7.019 

193.8 

38.630 

10. 

97.0 

2.820 

55.3 

6.923 

248.2 

44.507 

11. 

99.6 

3.425 

54.8 

7.352 

282.2 

42.214 

12. 

101.7 

3.471 

54.1 

7.403 

298.3 

35.220 

13. 

103.7 

3.693 

53.3 

7.178 

301.2 

35.340 

14. 

105.6 

4.051 

52.6 

7.388 

290.1 

33.459 

15. 

107.2 

4.041 

52.1 

7.203 

258.9 

23.574 

16. 

108.0 

3.901 

51.7 

9.219 

204.4 

23.410 

17. 

107.6 

4.099 

51.5 

7.500 

134.5 

26.361 

18. 

106.0 

4.177 

51.7 

7.526 

67.4 

19.156 

19. 

103.4 

4.350 

52.3 

7.135 

20.4 

8.566 

20. 

100.2 

4.175 

53.2 

7.278 

-0.3 

0.807 

21. 

96.9 

3.823 

54.0 

7.140 

-0.0 

-0.000 

22. 

94.1 

3.865 

54.5 

7.235 

-0.0 

-0.000 

23. 

91.8 

4.049 

54.5 

7.392 

-0.0 

0.000 

(S.E.  ) 

0.283 

0.533 

1.753 

HARMONIC  CONSTANTS  AND  THEIR 

STANDARD  DEVIATIONS 

i/> 

* 

m 

• 

(S.E.) 

(S.E.) 

AO 

95.42 

0.09 

53.83 

0.18 

104.54 

0.58 

A1 

-3.33 

0.13 

-0.13 

0.25 

-143.45 

0.83 

B1 

-11.55 

0.13 

1.40 

0.25 

-62.42 

0.83 

A2 

0.41 

0.13 

0.82 

0.25 

37.69 

0.83 

B2 

0.77 

0.13 

-0.36 

0.25 

41.13 

0.83 

A3 

-0.58 

0.13 

-0.01 

0.25 

3.73 

0.83 

B3 

1.15 

0.13 

-0.15 

0.25 

5.02 

0.83 

A4 

-0.11 

0.13 

0.03 

0.25 

0.25 

0.83 

B4 

-0.19 

0.13 

-0.18 

0.25 

-9.42 

0.83 

(S.E.)  THE 

STANDARD 

ERROR  OF 

THE  BEST  ESTIMATE  VALUES. 

(S.D.)  THE 

STANDARD 

DEVIATION 

OF  THE  OBSERVED  VALUES. 

TABLE  10. 

BEST  FITTED  HOURLY  VALUES  OF  DRY-BULB  AND  DEWPOINT  TEMPERATURE 
AND  TOTAL  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE  USING 
LEAST  SQUARES  TECHNIQUE  FOR  THE  AVERAGE  MOST  HUMIC  WEEK  DAY  OF 


1953-1962 

INCLUSIVE  IN 

PHOENIX,  ARIZONA 

LOCAL 

SOLAR 

STANDARD 

DRY-BULB 

( S.D. ) 

DEWPOINT 

{ S.D. > 

BTU/HR 

( S.D. ) 

TIME 

TEMP. (F) 

TEMP .(F) 

PER  SQ.FT. 

0. 

82.4 

5.545 

67.1 

3.996 

-0.0 

-0.000 

1. 

81.6 

5.288 

67.2 

3.725 

-0.0 

-0.000 

C,  4 

80.8 

4.998 

67.2 

3.738 

-0.0 

-0.000 

3. 

79.9 

4.889 

67.3 

3.610 

-0.0 

-0.000 

4. 

79.1 

4.805 

67.  A 

3.774 

-0*0 

-0.000 

5. 

78.5 

4.566 

67.5 

3.598 

-2.2 

0.165 

6. 

78.6 

4.293 

67.6 

3.518 

10.9 

8.905 

7. 

79.8 

4.169 

67.7 

3.222 

43.7 

22.616 

8. 

81.8 

4.531 

67.7 

3*320 

93.2 

40.763 

9. 

84.3 

5.006 

67.6 

3.095 

148.3 

66.014 

10. 

86.7 

5.926 

67.4 

3.089 

197.1 

80.159 

11. 

88.8 

6.273 

67.1 

3.246 

233.2 

79.957 

12* 

90.5 

6.406 

66*6 

3.389 

255.6 

74,732 

13* 

92.1 

6.235 

65.9 

3.171 

263*1 

64.314 

14. 

93.7 

6.531 

65.3 

3.422 

251.6 

69.806 

15. 

94.9 

6*77  8 

64.7 

3*556 

r 216*9 

64.319 

16. 

95.5 

7.038 

64.3 

3.731 

161.4 

59.968 

17. 

95.0 

7.894 

64.1 

4.106 

97.4 

41.938 

18. 

93®  6 

7.821 

64. 2 

4.092 

42.4 

23.932 

19. 

91.4 

7.705 

64.6 

4.592 

9.1 

6.381 

20. 

89.0 

7.175 

65.3 

4.488 

-2*1 

0.000 

21. 

86.8 

6.637 

65.9 

4.222 

— 0 « 0 

-0.000 

22  * 

84.9 

5.984 

66.5 

4.060 

-Q.O 

-0.000 

23  * 

83.5 

5.725 

66.9 

4.138 

-0.0 

-0.000 

(S.E. ) 

0.440 

0.272 

3.129 

RHONIC  < 

CONSTANTS  AND 

THEIR 

STANDARD  DEVIATIONS 

(S.E.) 

(S.E. i 

(S.E. ) 

AO 

86.39 

0.15 

66.38 

0.09 

84.14 

1.04 

A1 

-2.34 

0.21 

-0.14 

0.13 

-119.25 

1.47 

B1 

-7.69 

0.21 

1.62 

0.13 

-52.27 

1.47 

A2 

-0.31 

0.21 

0.58 

0.13 

34*66 

1.47 

B2 

0.90 

0.21 

-0.11 

0.13 

40.48 

1.47 

A3 

-0.33 

0.21 

0.04 

0.13 

2*95 

1.47 

B3 

0.58 

0.21 

-0.09 

0.13 

-2*49 

1.47 

A4 

0.06 

0.21 

0.01 

0.13 

-1.89 

1.47 

B4 

-0.15 

0.21 

-0.03 

0.13 

-7.25 

1.47 

(S.E.)  THE  STANDARD  ERROR  OF  THE  BEST  ESTIMATE  VALUES# 


(S.D.)  THE 


STANDARD  DEVIATION  OF  THE  OBSERVED  VALUES* 


TABLE  11. 

BEST  FITTED  HOURLY  VALUES  OF  DRY-BULB  AND  DEWPOINT  TEMPERATURE 
AND  TOTAL  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE  USING 
LEAST  SQUARES  TECHNIQUE  FOR  THE  AVERAGE  HOTTEST  DAY  OF 


1953-1962 

INCLUSIVE  IN 

WASHINGTON,  D.C. 

LOCAL 

SOLAR 

STANDARD 

DRY-BULB 

(S.D. ) 

DEWPOINT 

( S.D. ) 

BTU/HR 

(S.D. ) 

TIME 

TEMP. ( F) 

TEMP.(F) 

PER  SQ.FT. 

0. 

81.4 

2.751 

70.4 

2.211 

-0.0 

-0.000 

1. 

79.9 

3.084 

70.0 

2.234 

-0.0 

-0.000 

2. 

78.7 

2.644 

69.8 

1.969 

-0.0 

-0.000 

3. 

77.7 

2.424 

69.8 

1.700 

-0.0 

-0.000 

4* 

77.0 

2.251 

69.9 

1.636 

-0.0 

-0.000 

5. 

76.7 

2.319 

69.9 

1.713 

3.4 

0.658 

6. 

77.4 

2.415 

70.0 

1.764 

17.3 

10.672 

7. 

79.4 

2.718 

70.3 

1.767 

50.6 

19.117 

8. 

82.4 

2.759 

70.7 

2.506 

103.3 

22.592 

9. 

85.8 

3.748 

70.9 

2.908 

164.0 

39.535 

10* 

88.9 

3.266 

70.6 

3.375 

217.0 

41.208 

11. 

91.3 

2.998 

69.7 

3.645 

250.9 

16.079 

12. 

93.2 

3.622 

68.5 

4.084 

264.0 

29.171 

13. 

94.7 

3.393 

67.4 

5.482 

260.6 

61.731 

14. 

95.8 

3.824 

66.9 

4.832 

243.9 

67.344 

15. 

96.2 

3.348 

67.1 

5.238 

213.0 

36.747 

16. 

95.7 

2.991 

67.9 

3.375 

166.7 

38.911 

17. 

94.2 

3.281 

68.9 

3.938 

109.9 

38.888 

18. 

92.0 

3.471 

69.9 

3.749 

54.9 

18.457 

19. 

89.8 

3.129 

70.6 

2.44C 

15.5 

7.930 

20. 

87.9 

2.953 

71.1 

1.969 

-2.2 

0.352 

21. 

86.3 

2.541 

71.3 

2.951 

-0.0 

-0.000 

22. 

84.7 

2.558 

71.2 

2.404 

-0.0 

-0.000 

23. 

83.0 

2.506 

70.8 

2.486 

-0.0 

-0.000 

(S.E.) 

0.563 

0.591 

5.571 

HARMONIC  ' 

CONSTANTS  AND 

THEIR 

STANDARD  DEVIATIONS 

( S.E. ) 

(S.E. ) 

(S.E. ) 

AO 

86.25 

0.19 

69.72 

0.20 

88.82 

1.86 

A1 

-4.11 

0.27 

0.88 

0.28 

-124.02 

2.63 

B1 

-8.36 

0.27 

0.68 

C.  28 

-51.35 

2.63 

A2 

0.87 

0.27 

0.43 

0.28 

35.15 

2.63 

B2 

1.04 

0.27 

-1.26 

0.28 

35.31 

2.63 

A3 

-0.05 

0.27 

-0.33 

0.28 

0.02 

2.63 

B3 

0.37 

0.27 

0.21 

0.28 

1.87 

2.63 

A4 

0.05 

0.27 

0.11 

0.28 

2.97 

2.63 

B4 

-0.32 

0.27 

-0.13 

0.28 

-7.06 

2.63 

(S.E.)  THE  STANDARD  ERROR  OF  THE  BEST  ESTIMATE  VALUES* 


(S.D.)  THE  STANDARD  DEVIATION  OF  THE  OBSERVED  VALUES 


TABLE  12. 

BEST  FITTED  HOURLY  VALUES  OF  DRY-BULB  AND  DEWPOINT  TEMPERATURE 
AND  TOTAL  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE  USING 
LEAST  SQUARES  TECHNIQUE  FOR  THE  AVERAGE  MOST  HUMID  DAY  OF 


1953-1962 

INCLUSIVE 

IN 

WASHINGTON 

It  D.C. 

LOCAL 

SOLAR 

STANDARD 

DRY-BULB 

( S.D. ) 

DEWPOINT 

( S.D. ) 

BTU/HR 

(S.D. ) 

TIME 

TEMP. (F) 

TEMP. (F) 

PER  SQ.FT. 

0. 

77.3 

2.132 

72.6 

2.331 

-0.0 

-0.000 

1. 

76.4 

2.273 

72.7 

2.394 

-0.0 

-0.000 

2. 

75.9 

1.969 

72.7 

2.066 

-0.0 

-0.000 

3. 

75.3 

1.829 

72.6 

2.271 

-0.0 

-0.000 

4. 

74.8 

1.751 

72.4 

2.066 

-0.0 

-0.000 

5. 

74.4 

2.201 

72.3 

2.366 

0.1 

0.781 

6. 

74.6 

1.932 

72.6 

2.098 

8.5 

9.335 

7. 

75.7 

2.582 

73.0 

1.853 

32.6 

21.770 

8. 

77.8 

2.961 

73.2 

1.700 

75.5 

36.415 

9. 

80.4 

3.373 

73.0 

1.524 

131.2 

50.224 

10. 

82.9 

4.089 

72.6 

2.058 

186.0 

74.678 

11. 

84.8 

4.932 

72.2 

2.452 

225.7 

63.320 

12. 

85.9 

5.109 

72.1 

1.932 

242.0 

73.220 

13. 

86.4 

5.229 

72.3 

2.366 

235.2 

40.306 

14. 

86.7 

4.306 

72.7 

3.134 

210.2 

59.242 

15. 

86.9 

4.812 

73.0 

2.710 

173.0 

64.029 

16. 

86.9 

3.695 

73.3 

2.424 

128.7 

42.251 

17. 

86.5 

3.100 

73.7 

2.044 

82.7 

41.869 

18. 

85.6 

4.90C 

74.3 

2.119 

41.9 

24.051 

19. 

84.2 

2.44C 

74.7 

2.201 

13.0 

8.315 

20. 

82.7 

2.263 

74.7 

1.636 

-1.1 

0.260 

21. 

81.1 

2.150 

74.2 

1.751 

-0.0 

-0.000 

22. 

79.6 

2.378 

73.5 

2.573 

-0.0 

-0.000 

23. 

78.3 

2.751 

72.9 

2.791 

-0.0 

-0.000 

(S.E. ) 

0.629 

0.422 

7.032 

HARMONIC  CONSTANTS  AND 

THEIR 

STANDARD  DEVIATIONS 

(S.E. ) 

(S.E. ) 

( S.E. ) 

AO 

80.89 

0.21 

73.05 

0.14 

74.26 

2.34 

A 1 

-2.67 

0.3C 

0.44 

0.20 

-106.83 

3.31 

B 1 

-5.80 

0.30 

-0.60 

0.20 

-44.33 

3.31 

A2 

0.55 

0.30 

-0.26 

0.20 

36.09 

3.31 

B2 

0.52 

0.3C 

-0.63 

0.20 

33.82 

3.31 

A3 

-0.57 

0.30 

-0.10 

0.20 

-5.24 

3.31 

B3 

0.24 

0.3C 

0.09 

0.20 

-3.06 

3.31 

A4 

0.14 

0.30 

-0.27 

0.20 

3.23 

3.31 

B4 

-0.14 

0.3C 

-0.01 

0.20 

-2.93 

3.31 

(S.E.)  THE 

STANDARD 

ERROR  OF 

THE 

BEST  ESTIMATE  VALUES. 

(S.D.)  THE 

STANDARD 

DEVIATION 

OF 

THE  OBSERVED  VALUES. 

TABLE  13. 

BEST  FITTED  HOURLY  VALUES  OF  DRY-BULB  AND  DEWPOINT  TEMPERATURE 
AND  TOTAL  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE  USING 


LEAST  SQUARES  TECHNIQUE  FOR 

THE  AVERAGE 

HOTTEST 

WEEK  DAY  OF 

1953-1962 

INCLUSIVE  IN 

WASHINGTON,  D.C. 

LOCAL 

SOLAR 

STANDARD 

DRY-BULB 

( S.D. ) 

DEWPOINT 

( S.D.  ) 

BTU/HR 

( S.D. ) 

TIME 

TEMP. (F) 

TEMP.(F) 

PER  SQ.FT. 

0. 

77.9 

3.807 

68.3 

4. 445 

-0.0 

-0.000 

1. 

77.  1 

3.99C 

68.3 

4.531 

-0.0 

-0.000 

2. 

76.1 

3.979 

68.1 

4.585 

-0.0 

-0.000 

3. 

75.1 

3.965 

67.9 

4.577 

-0.0 

-0.000 

4. 

74. 2 

3.934 

67.6 

4.512 

-0.0 

-0.000 

5. 

73.8 

3.848 

67.5 

4.481 

0.6 

0.566 

6. 

74.6 

3.65C 

67.6 

4 • 43  5 

17.9 

9.005 

7. 

76.8 

3.561 

67.7 

4.412 

56.4 

20.903 

8. 

79.9 

3.549 

67.7 

4.645 

112.2 

28.913 

9. 

83.3 

3.642 

67.4 

5.114 

172.0 

32,433 

10. 

86.1 

3.779 

66.9 

5.666 

221.3 

33.303 

11. 

88.2 

3.770 

66.3 

5.808 

252.6 

38.515 

12. 

89.6 

4.007 

65.7 

5.942 

266.3 

44.657 

13. 

90.7 

4.159 

65.2 

6.157 

265.4 

40.866 

14. 

91.5 

4.063 

64.8 

6.573 

249.9 

43.311 

15. 

91.9 

4.029 

64.7 

6.866 

217.1 

36.754 

16. 

91.5 

4.415 

64.9 

6.739 

166.8 

47.888 

17. 

90.1 

4.437 

65.5 

6.479 

107.3 

37.614 

18. 

88.1 

4.255 

66.5 

6.547 

52.9 

25.817 

19. 

85.8 

3.903 

67.4 

5.931 

16.3 

10.560 

20. 

83.6 

3.853 

68.0 

5 • 544 

0.5 

0.925 

21. 

81.7 

3.764 

68.3 

5.630 

-0.0 

-0.000 

22. 

80.2 

3.803 

68.3 

5.652 

-0.0 

-0.000 

23. 

78.9 

3.734 

68.3 

5.519 

-0.0 

-0.000 

( S.E.  ) 

0.286 

0.402 

1.906 

HARMONIC 

CONSTANTS  AND 

THEIR 

STANDARD  DEVIATIONS 

(S.E. 

) 

(S.E. 

) 

(S.E. ) 

AO 

82.79 

0.10 

67.04 

0.13 

90.57 

0.64 

A 1 

-4.38 

0.13 

1.14 

C • 1 9 

-126.77 

0.90 

B1 

-7.45 

0.13 

1.01 

0.19 

-50.96 

0.90 

A2 

0.80 

0.13 

0.39 

0.19 

36.35 

0.90 

B2 

1.04 

0.13 

-0.68 

0.19 

34.52 

0.90 

A3 

-0.25 

0.13 

-0.15 

0.19 

0.81 

C.90 

B3 

0.69 

0.13 

0.04 

0.19 

2.36 

0.90 

A4 

-0.01 

0.13 

-0.14 

0.19 

-0.29 

0.90 

BA 

-0.25 

0.13 

0.06 

0.19 

-7.27 

0.90 

(S.E.)  THE  STANDARD  ERROR  OF  THE  BEST  ESTIMATE  VALUES. 


(S.D.)  THE  STANDARD  DEVIATION  OF  THE  OBSERVED  VALUES 


T4RLL  14. 

uEST  FITTED  HOURLY  VALUES  GF  DRY-BULB  AND  DEWPOINT  TEMPERATURE 
AMI)  TOTAL  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACl  USING 
LEAST  S UU  ARES  TECHNIQUE  FOR  THE  AVERAGE  MOST  HUMIC  WEEK  DAY  OF 


i 9 5 3 - 1 9 o 2 

INCLUSIVE 

I N 

WASH  I 

;N  G T 0 N t D . C . 

LOCAL 

SOLAR 

ST  AND  ARE) 

DRY-BULB 

( S.D.  ) 

DEWPOINT 

( i.D.  ) 

BTU/HR 

( S.D. ) 

T I ME 

TEMP. ( F ) 

TEMP . ( F ) 

PER  SQ.FT. 

0 . 

75.0 

3.092 

70.5 

3.170 

-0.0 

-0.000 

1 . 

74.5 

2.918 

70.3 

3.053 

-0.0 

-0.000 

2. 

74.0 

2.718 

70.2 

2.985 

— 0.0 

-0.000 

3. 

73.5 

2.471 

70.1 

116 

-0.0 

-0.000 

4 • 

73.0 

2.563 

70.0 

3.  162 

-0.0 

-0.000 

5. 

72.9 

2.624 

6 9.9 

3.154 

-1.7 

0.238 

6. 

7 3.3 

2.695 

70.0 

3.014 

8.7 

5.896 

7 . 

74.5 

3.00  1 

70.2 

3.163 

33.3 

20.215 

8 • 

76.4 

3.634 

70.4 

3.308 

70.0 

38.028 

9. 

78.6 

4.445 

7 0.5 

3.565 

111.7 

54.328 

10. 

8 0.7 

4 • 9 5 C 

70.6 

3.847 

150.3 

67.48  3 

11. 

32.4 

5.089 

70.5 

3.919 

180.2 

77.019 

12. 

83.6 

5.258 

70.2 

j.  892 

197.7 

84.521 

13. 

84.5 

5.370 

70.0 

4.066 

200.2 

78.993 

H • 

85.0 

5.327 

69.  8 

3.994 

185.1 

68.376 

15. 

85. C 

5.481 

6 9.7 

4.303 

152.6 

71.334 

16. 

84.4 

5.635 

6 9.7 

4.159 

108.4 

57.571 

17. 

33.3 

5.857 

70.0 

h.  136 

63.1 

38.867 

18. 

91.7 

5.500 

70.3 

3.863 

27.6 

22.083 

19. 

79.9 

4.867 

70.8 

3.730 

7.5 

7.04  8 

20. 

78.3 

4.280 

71.0 

3.758 

0.7 

0.528 

21. 

77.0 

3.77  1 

71.1 

3.064 

-0.0 

-C.000 

22. 

76.1 

3.447 

71.0 

3.079 

-0.0 

-0.000 

23. 

75.5 

3.175 

70.7 

«i.817 

-0.0 

-0.000 

( S.E. ) 

0. 31G 

0.258 

3.292 

HARMONIC  CONSTANTS  AND 

THEIR 

STANDARD  DEVIATIONS 

(S.E. 

) 

( S.E.  ) 

( S.E. 

AO 

78.46 

0.10 

70.32 

C • 09 

62.29 

1.10 

A 1 

-3.32 

0.15 

0.26 

0.12 

-89.88 

1.55 

B 1 

-4.87 

0.15 

-0.05 

0.12 

-36.37 

1.55 

A2 

0.43 

0.15 

0.32 

0.12 

29.54 

1.55 

B2 

1.08 

0.15 

-0.34 

0.12 

28.99 

1.55 

A3 

-0.14 

0.15 

-0.12 

0.12 

-0.53 

1.55 

B 3 

0.33 

0.15 

-0.04 

0.12 

-3.97 

1.55 

A4 

0.03 

0.15 

-0.05 

C.  12 

-2.09 

1.55 

B4 

-0.09 

0.15 

-0.03 

0.12 

-3. 51 

1.55 

(S.E.)  Th  E 

STANDARD 

ERROR  OF 

THE  BEST  ESI 

IMATE  VALUES. 

(S.U.)  THE  STANDARD  DEVIATION  OF  THE  OBSERVED  VALUES 


TABLE  1 5 « 

BEST  FITTED  HOURLY  VALUES  OF  DRY-BULB  AND  DEWPOINT  TEMPERATURE 
AND  TOTAL  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE  USING 
LEAST  SQUARES  TECHNIQUE  FOR  THE  AVERAGE  HOTTEST  DAY  OF 


1953-1962 

INCLUSIVE  IN 

LAKE  ' 

CHARLES,  LOUISIANA 

LOCAL 

SOLAR 

STANDARO 

DRY-BULB 

( S.D. ) 

DEWPOINT 

( S.D. ) 

B TU /HR 

( S.D. ) 

TIME 

TEMP. ( F ) 

TEMP. ( F ) 

PER  SQ.FT. 

0. 

80.8 

1.430 

74.0 

2.119 

-0.0 

-0.000 

1. 

80.2 

0.876 

74.4 

2.616 

-0.0 

-0.000 

2. 

79.5 

0.966 

74.4 

2.312 

-0.0 

-0.000 

3. 

78.8 

0.943 

73.8 

2.627 

-0.0 

-0.000 

4. 

78.1 

1.35C 

73.4 

2.751 

-0.0 

-0.000 

5. 

77.8 

1.287 

73.4 

2.635 

-1.7 

-0.000 

6. 

78.5 

1.135 

74.0 

2.171 

13.4 

3.650 

7. 

80.3 

1.252 

74.6 

2.055 

54.4 

9.690 

6. 

83.1 

1.636 

74.6 

i.  947 

114.8 

15.631 

9. 

86.3 

1.897 

74.0 

2.014 

178.8 

21.211 

10. 

89.2 

1.969 

73.3 

2.486 

230.3 

37. 363 

11. 

91.3 

2.424 

72.7 

3.440 

262.7 

43.897 

12. 

92.8 

2.470 

72.4 

2.908 

278.6 

31.710 

13. 

94.0 

2.366 

72.1 

2.627 

281.7 

21.672 

14. 

95.1 

2.440 

71.3 

2.936 

270.0 

27.875 

15. 

96.0 

2.658 

70.3 

3.266 

237.3 

33.090 

16. 

96.1 

2.506 

69.6 

3.129 

182.0 

14.197 

17. 

94.9 

2.601 

69.8 

2.633 

114.3 

14.661 

18. 

92.4 

2.550 

70.8 

3.401 

52.8 

14.627 

19. 

89.3 

1.636 

71.9 

3.368 

13.1 

5.718 

20. 

86.4 

2.30C 

72.7 

4.923 

0.7 

-0.000 

21. 

84.1 

2.066 

72.9 

4.762 

-0.0 

-0.000 

22. 

82.5 

1.494 

73.0 

3.432 

-0.0 

-0.000 

23. 

81.5 

1.059 

73.4 

3.335 

-0.0 

-0.000 

. 

UJ 

* 

l A 

0.365 

0.567 

3.504 

HARMONIC 

CONSTANTS  AND 

THEIR 

STANDARD  DEVIATIONS 

9 

(S.E. 

) 

( S.E.  ) 

( S.E. ) 

AO 

86.21 

0.12 

72.79 

0.19 

94.93 

1.17 

A 1 

-4.62 

0.17 

0.36 

0.27 

-133.55 

1.65 

B 1 

-7.59 

0.17 

1.78 

0.27 

-56.14 

1.65 

A2 

0.02 

0.17 

0.72 

0.27 

38.02 

1.65 

B2 

1.30 

0.17 

-0.40 

0.27 

39.69 

1.65 

A3 

-0.27 

0.17 

-0.05 

0.27 

2.51 

1.65 

B3 

0.93 

0.17 

-0.02 

0.27 

2.56 

1.65 

A4 

0.18 

0.17 

-0.46 

0.27 

-1.27 

1.65 

B4 

-0.20 

0.17 

0.27 

0.27 

-9.74 

1.65 

(S.E.)  THE  STANDARD  ERROR  OF  THE  BEST  ESTIMATE  VALUES. 
(S.D.)  THE  STANDARD  DEVIATION  OF  THE  OBSERVED  VALUES. 


TABLE  16. 

BEST  FITTED  HOURLY  VALUES  OF  DRY-BULB  AND  OlwPUINT  TEMPERATURF 
AND  TOTAL  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE  USING 


LEAST  SQUARES  TECHNIQUE  FOR 

THE  AVERAGE 

MUST  HUMID 

DAY  OF 

19:>3-19  62 

INCLUSIVE  IN 

LAKE 

CHARLES,  LOL I S I AN A 

LOCAL 

SOL  AR 

STANDARD 

DR  Y-BUL 1 

( S.D.  ) 

DEWPOINT 

( S.D. ) 

BTU/HR 

(S.D.) 

T I ME 

TE^P. ( F ) 

TEMP. ( F ) 

PER  SQ.FT 

• 

0. 

79.2 

i • 6 1 9 

76.7 

1.247 

-0.0 

-U.000 

1. 

79.2 

i.287 

76.9 

i.43C 

-0.0 

-0.000 

2 • 

79.0 

1.054 

7 6.9 

1.033 

-c.o 

-0.000 

->  • 

78.7 

1.557 

76.7 

0.949 

-0.0 

-0.000 

A. 

78.4 

1.50  6 

76.5 

1.059 

-0.0 

-0.000 

c; 

^ . 

78. 3 

1.350 

7 6*4 

0.843 

-1.7 

-0.000 

O . 

79.0 

1.5S1 

76.7 

1.059 

10.7 

5.679 

7. 

80.6 

1. 37C 

77.  1 

0 • 06  7 

34.3 

22. 176 

8 • 

82.5 

1.494 

77.3 

i.494 

72.6 

31.077 

9. 

84.  3 

1.767 

76.9 

x.751 

117.9 

38.737 

1C. 

8 5.4 

3.565 

76.1 

1.396 

157.6 

79.2C0 

11. 

85.6 

4.228 

75.4 

1.989 

181.0 

79.785 

12. 

85.6 

6.494 

75.2 

1.663 

164.6 

119.729 

1 6 • 

85.6 

5.043 

75.4 

1.713 

172.4 

116.592 

14. 

3 5.9 

4.546 

75.3 

0.876 

151.0 

113.938 

15. 

36.  1 

4.228 

76.1 

4.211 

124.7 

93.846 

16. 

85.8 

3.028 

76.1 

2.132 

94.7 

61.151 

17. 

84.9 

2.108 

76.2 

1.563 

62.3 

36.409 

16. 

83.5 

2.108 

7 e> . 4 

1.350 

31.8 

16.455 

19. 

82.1 

2.211 

76.9 

1.101 

9.1 

5.252 

20. 

81.0 

2.003 

77.2 

1.333 

0.7 

-0.000 

21. 

80.2 

2.098 

77.2 

1.476 

-0.0 

-0.000 

22. 

79.7 

2.214 

77.0 

1.449 

-0.0 

-0.000 

23. 

79.4 

2.214 

76.8 

i • 66 3 

-0.0 

-0.000 

( S.E.  ) 

0.545 

0.274 

10.213 

HARMONIC  ' 

CONSTANTS  AND 

THEIR 

STANDARD  DEVIATIONS 

(S.E. 

) 

( S.E.  ) 

% 

( S.E. ) 

AO 

82.09 

o.ia 

76.50 

0.09 

58.33 

3.41 

A 1 

-3.06 

0.26 

0.52 

0.13 

-84.85 

4.82 

B 1 

-2.59 

0.26 

0.26 

0.13 

-29.00 

4.82 

A2 

0.45 

0.26 

-0.10 

0.13 

29.90 

4.82 

B2 

0.35 

0.26 

-0.44 

0.13 

19.91 

4.82 

A3 

-0.07 

0.26 

0.16 

0.13 

-4.69 

4.82 

B 3 

0.70 

0.26 

0.15 

0.13 

1.66 

4.82 

A4 

-0.03 

0.26 

-0.31 

0.13 

3.21 

4.82 

B4 

-0.27 

0.26 

-0.09 

0.13 

-3.26 

4.82 

(S.E.)  THE  STANDARD  ERROR  OF  THE  BEST  ESTIMATE  VALUES. 


(S.D.)  THE  STANDARD  CEVIATICN  OF  THE  OBSERVED  VALUES 


TABLE  IT. 

BEST  FITTED  HOURLY  VALUES  OF  DRY-BULB  AND  DEWPOINT  TEMPERATURE 
AND  TOTAL  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE  USING 
LEAST  SQUARES  TECHNIQUE  FOR  THE  AVERAGE  HOTTEST  WEEK  DAY  OF 
1953-1962  INCLUSIVE  IN  LAKE  CHARLES,  LOUISIANA 


LOCAL 

SOLAR 

STANDARD 

DRY-BULB 

( S.D. ) 

DEWPOINT 

( S.D. ) 

BTU/HR 

( S.D. ) 

TIME 

TEMP. ( F) 

TEMP.(F) 

PER  SQ.FT. 

0. 

79.8 

1.885 

74.7 

2.096 

-0.0 

-0.000 

1. 

79.  A 

1.823 

74.7 

2.052 

-0.0 

-0.000 

2. 

78.9 

1.666 

74.6 

i.996 

-0.0 

-0.000 

3. 

78.2 

1.744 

74.3 

2.004 

-0.0 

-0.000 

4. 

77.5 

1.799 

74.0 

2.033 

-0.0 

-0.000 

5. 

77.3 

1.934 

74.1 

2.174 

-1.7 

-0.000 

6. 

78.1 

1.800 

74.3 

2.150 

12.8 

4.515 

7. 

80.2 

2.132 

74.5 

2.290 

53.1 

14.934 

8. 

83.1 

2.263 

74.4 

2.224 

113.9 

23.776 

9. 

86.2 

2.340 

73.8 

2.055 

178.4 

35.031 

10. 

88.7 

2.658 

73.0 

2.176 

228.7 

42.963 

11. 

90.4 

2.923 

72.3 

2.651 

257.0 

46.443 

12. 

91.6 

2.795 

71.8 

2.304 

266.8 

57.836 

13. 

92.5 

3.270 

71.5 

2.581 

264.9 

57.638 

14. 

93.3 

3.429 

71.2 

2.775 

251.8 

55.185 

15. 

93.7 

3.813 

71.0 

2.808 

221.8 

46.479 

16. 

93.2 

3 • 7 1 A 

71.2 

3.062 

171.8 

44.215 

17. 

91.5 

3.602 

71.8 

2.997 

109.0 

32.460 

18. 

88.9 

3.299 

72.8 

2.914 

50.4 

19.884 

19. 

86.1 

2.584 

73.8 

2.871 

11.9 

6.497 

20. 

83.8 

2.272 

74.5 

2.722 

-2.4 

0.184 

21. 

82.1 

2.061 

74.3 

2.634 

-0.0 

-0.000 

22. 

81.0 

1.855 

74.7 

2.402 

-0.0 

-0.000 

23. 

80.3 

1.863 

74.7 

2.307 

-0.0 

-0.000 

( S.E.  ) 

0.189 

0.179 

2.200 

HARMONIC 

CONSTANTS  AND 

THEIR 

STANDARD  DEVIATIONS 

(S.E.  ) 

(S.E. ) 

( S.E. ) 

AO 

84.83 

0.06 

73.44 

0.06 

91.15 

0.73 

A 1 

-4.98 

0.09 

1.23 

0.08 

-128.79 

1.04 

B1 

-6.20 

0.09 

1.14 

0.08 

-51.60 

1.04 

A2 

0.49 

0.09 

0.28 

0.08 

37.93 

1.04 

B2 

1.32 

0.09 

-0.79 

0.08 

35.39 

1.04 

A3 

-0.09 

0.09 

-0.02 

0.08 

0.90 

1.04 

B3 

0.86 

0.09 

-0.00 

0.08 

4.20 

1.04 

A4 

0.05 

0.09 

-0.22 

0.08 

0.01 

1.04 

B4 

-0.29 

0.09 

0.11 

0.08 

-10.41 

1.04 

(S.E.)  THE  STANDARD  ERROR  OF  THE  BEST  ESTIMATE  VALUES. 


(S.D. ) THE  STANDARD 


DEVIATION  OF  THE  OBSERVED  VALUES. 


TABLE  1 8 . 

BEST  FIT  ILL'  HCURLY  VALUES  OF  DRY- BULB  AND  DEWPOINT  TEMPERATURE 
AND  TOTAL  SOLAR  RAD  I AT  I UN  INCIDENT  UPON  A HORIZONTAL  SURFACE  USING 


LEAST  SQUARES  TECHNIQUE  FUR 

THE  AVERAGE 

MUST  HUMID 

WEEK  DAY 

OF 

1053-1962 

INCLUSIVE  IN 

LAKE 

CHARLES,  LOUISIANA 

local 

SOLAR 

ST  ANDARD 

DRY-BULB 

( S.D.  ) 

DEWPOINT 

( S.D.  ) 

B T U /HR 

( S.D. ) 

T l ME 

TEMP. ( F ) 

TEMP.(F) 

PER  SQ.FI 

• 

0 • 

78.7 

2.026 

75.9 

1.642 

-0.0 

-0.000 

1. 

7 8.6 

2.016 

76.0 

4.  • 6 1 6 

-0.0 

-0.000 

2 • 

7 8.3 

2.149 

75.9 

x.737 

-0.0 

-0.000 

3 • 

77.8 

2.193 

75.5 

1.917 

-0.0 

-0.000 

77.2 

2.339 

7 5.2 

1.803 

-0.0 

-C.000 

t. 

^ • 

77.1 

2.344 

7 5.0 

i.933 

-1.7 

-0.000 

6. 

77.8 

2.341 

75.3 

x.922 

9 . 7 

5.091 

7. 

79.5 

2.674 

75.7 

1.901 

41.6 

21.804 

o • 

81.8 

2.991 

75.8 

<_  • 1 4 2 

83.6 

35.530 

rs 

J • 

84.  1 

3.355 

75.6 

2. 192 

13  8.0 

55. 373 

i c • 

8 5.9 

4.306 

74.9 

• 1 6 5 

176.4 

81.155 

il. 

86.3 

4.483 

74.3 

i.931 

197.2 

83.095 

12. 

87.2 

4.804 

74.0 

2.190 

2 02.1 

88. 364 

13. 

87.5 

4.922 

74.0 

1.954 

195.2 

90.465 

14. 

87.5 

5.099 

74.2 

2.143 

17  8.3 

88.574 

15. 

87.2 

5.071 

74.3 

2.581 

150.1 

71.761 

16. 

86.4 

5.155 

74.4 

2.117 

111.1 

63.419 

17. 

8 5.0 

4.668 

74.6 

2.155 

67.6 

41.973 

lb. 

83.4 

3.881 

75.0 

2.097 

30.3 

22.332 

19. 

81.9 

3.173 

75.5 

1.932 

7.4 

6.115 

20. 

80.7 

2.701 

75.9 

i.92  5 

-2.4 

-0.000 

21. 

79.9 

2.450 

76.1 

i.  896 

-0.0 

-0.000 

2 £ . 

79.3 

2. 34C 

76.0 

1.757 

-0.0 

-0.000 

L 3 . 

78.9 

2.286 

7 5.9 

i.672 

-0.0 

-0.000 

( S.E.  ) 

0.257 

0.145 

3.515 

HARMONIC  C 

UNSTANTS  AND 

THEIR 

STANDARD  DE 

V IAT  IONS 

(S.E. 

) 

( S.E.  ) 

( S.E. ) 

A J 

82.01 

0.09 

75.21 

0.05 

66.24 

1.17 

Ai 

-3.78 

0.12 

0.70 

0.0  7 

-96. 31 

1.6  6 

Bi 

-3.43 

0.12 

0.38 

C • 0 7 

-33.10 

1.66 

A2 

0.8  9 

0.12 

0.14 

0.07 

33.10 

1.66 

B2 

0.82 

0.12 

-0.43 

0.07 

23.03 

1.66 

A3 

-0.15 

C . 1 2 

0.10 

0 • C 7 

-2.40 

1.66 

B 3 

0.54 

0.12 

0.17 

0.0  7 

2.23 

1.66 

A4 

-0.0  8 

0.12 

-0.25 

0.07 

-0.84 

1.66 

B4 

-0.22 

0.12 

-0.04 

0.07 

-6.52 

1.66 

(S.E.)  THE  STANDARD  ERROR  OF  THE  BEST  ESTIMATE  VALUES. 


(S.D.)  THE  STANDARD  DEVIATION  OF  THE  OBSERVED  VALUES 


(TABLE  19. 

BEST  FITTED  HOURLY  VALUES  OF  DRY-BULB  AND  DEWPOINT  TEMPERATURE 
AND  TOTAL  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE  USING 
LEAST  SQUARES  TECHNIQUE  FOR  THE  AVERAGE  HOTTEST  DAY  OF 
1953-1962  INCLUSIVE  IN  MINNEAPOLIS,  MINNESOTA 


LOCAL 

SOLAR 

STANDARD 

DRY-BULB 

(S.D. ) 

DEWPOINT 

( S.D. ) 

BTU/HR 

(S.D. ) 

TIME 

TEMP. ( F) 

TEMP.(F) 

PER  SQ.FT. 

0. 

77.7 

2.710 

67.1 

5.350 

-0.0 

-0.000 

1. 

76.7 

2.675 

66.8 

5.519 

-0.0 

-0.000 

2. 

75.9 

2.867 

66.4 

5.534 

-0.0 

-0.000 

3. 

75.4 

2.757 

6 6.0 

6.018 

-0.0 

-0.000 

A. 

75.0 

2.946 

65.7 

5.666 

-0.0 

-0.000 

5. 

75.2 

2.936 

65.9 

5.453 

9.8 

3.729 

6. 

76.2 

2.821 

66.5 

5.358 

38.4 

13.840 

7. 

78.2 

2.669 

67.4 

5.034 

89.7 

20.843 

8. 

81.1 

2.627 

68.2 

4.762 

153.8 

16.892 

9. 

84.4 

2.530 

68.8 

5.168 

211.9 

20.304 

10. 

87.4 

2.53C 

69.  1 

4.809 

247.7 

14.502 

11. 

89.8 

2.30C 

69.1 

4.522 

257.8 

20.922 

12. 

91.7 

2.898 

68.8 

4.771 

251.0 

73.725 

13. 

93.2 

3.479 

68.3 

3.882 

238.2 

88.249 

14. 

94.4 

2.710 

67.8 

4.274 

222.5 

58.722 

15. 

95.2 

3.213 

67.4 

4.523 

198.2 

41.338 

16. 

95.3 

3.071 

67.6 

4.962 

159.3 

26.896 

17. 

94.4 

2.914 

68.4 

5.116 

108.2 

27.978 

18. 

92.5 

2.944 

69.3 

5.425 

57.3 

23.119 

19. 

89.8 

2.675 

70.0 

5.420 

20.2 

12.538 

20. 

86.7 

2.751 

70.0 

5.337 

2.5 

1.852 

21. 

83.8 

3.018 

69.3 

4.841 

-0.0 

-0.000 

22. 

81.2 

3.972 

68.4 

5.131 

-0.0 

-0.000 

23. 

79.2 

4.228 

67.7 

5.466 

-0.0 

-0.000 

( S.E. ) 

0.557 

0.960 

6.079 

HARMONIC  CONSTANTS  AND  THEIR 

STANDARD  DEVIATIONS 

(S.E. ) 

( S.E. ) 

( S.E. ) 

AO 

84.59 

0.19 

67.92 

0.32 

94.44 

2.03 

A 1 

-4.92 

0.26 

-0.29 

0.45 

-130.34 

2.87 

B1 

-9.05 

0.26 

-1.13 

0.45 

-37.14 

2.87 

A2 

-0.14 

0.26 

0.61 

0.45 

35.10 

2.87 

B2 

0.62 

0.26 

-1.01 

0.45 

16.61 

2.87 

A3 

-0.38 

0.26 

-0.43 

0.45 

1.72 

2.87 

B3 

0.55 

0.26 

0.06 

‘ 0.45 

12.06 

2.87 

A4 

0.05 

0.26 

-0.16 

0.45 

-0.33 

2.87 

B4 

-0.12 

0.26 

0.14 

0.45 

-8.93 

2.87 

(S.E.)  THE 

STANDARD 

ERROR  OF 

THE  BEST  ESTIMATE  VALUES. 

(S.D.)  THE 

STANDARD 

DEVIATION 

OF  THE  OBSERVED  VALLES. 

TABLE  20. 

ST  F I T T E 

D HOURLY  VALUES  OF 

DRY-BULB  AND  DEWPOINT 

temperature 

ID  TOTAL 

SOLAR  RAD  I AT  I 

ON  IN 

CIDENT  UPON 

A HORIZONTAL  SURFACE 

US  I NO 

AST  SQUARES  TECHNIQUE 

FOR 

THE  AVERAGE 

MOST  HUMID 

DAY  OF 

5 5-1 962 

INCLUSIVE  IN 

MINNEAPOLIS,  MINN 

• 

LOCAL 

SOLAR 

T ANDARD 

DRY-BULB  ( S.D.  ) 

DEWPOINT 

(S.D.) 

BTU/HR 

( S.D. ) 

TIME 

TEMP. ( F ) 

TEMP.(F) 

PER  SQ.FT. 

V-/  • 

76.7 

A.OOC 

7 1.7 

3.032 

-0.0 

-0.000 

1. 

76.6 

A.  330 

71.7 

2.682 

-0.0 

-0.000 

c . 

76.3 

A • 1 A 7 

71.  A 

2.739 

-0.0 

-0.000 

J 

-/  • 

76.6 

A . 1 0 6 

70.9 

2.  AA9 

-0.0 

-0.000 

A. 

7 A . 6 

3.598 

70.  A 

2.  AA9 

-0.0 

-0.000 

• 

73.9 

3 . 67  A 

70.2 

2.A38 

A • 0 

9.363 

c • 

7 A . A 

3.606 

70.3 

2.108 

2 A . 7 

2 1 • 74 A 

7. 

7 6.0 

3.561 

70.8 

1.537 

5 6.2 

35.091 

b • 

78.2 

3.621 

71.  A 

i.  A1A 

90.5 

A8. 588 

9. 

80.3 

3.317 

72.1 

1.787 

120.9 

56.230 

10. 

81.9 

3.  A28 

72.7 

1.32  3 

1 A 5 . 5 

76.718 

11. 

3 3.1 

5.0AA 

73.  1 

<:.179 

16  5. 9 

88. 2A1 

12. 

8 A . 6 

5.223 

7 3.3 

2.  A55 

182. A 

5C. 205 

13. 

86.  A 

6. 196 

73.3 

3 • 0 A 1 

190.0 

6 A • A 3 3 

I A. 

88.1 

5.  A31 

73.  1 

2.539 

181.5 

65.629 

1*5. 

89.0 

5 . AO  3 

72.7 

2.819 

153.8 

85.063 

16. 

8 8.6 

A.  969 

72.  A 

3.127 

112.3 

60 • 3 A 8 

17. 

87.0 

5 . 36  A 

72.2 

3 • 5 0 A 

6 9.2 

51.803 

1 6. 

8 A • 7 

8.002 

72.1 

A.  558 

3 5.6 

29.770 

1 9. 

82.3 

7.A50 

71.9 

4 • A1  6 

15.7 

14.101 

2 0. 

80.  A 

6.685 

71.8 

3.905 

6.0 

2.082 

21. 

78.8 

6.071 

71.6 

3.667 

-0.0 

-0.000 

77.7 

5. 8AC 

71.6 

A. 035 

-0.0 

— 0 . 000 

23  . 

77.0 

3.568 

71.7 

J.983 

-0.0 

-0.000 

( S.E.  ) 

0.996 

0.588 

9.829 

HARMONIC  C U '4  ST  ANTS  AND  THEIR  STANDARD  DEVIATIONS 


( _>  • i_  • ) 

( S.E.  ) 

( S.E. ) 

AO 

80.50 

0.33 

71.86 

0.2  0 

6A.  62 

3.2  3 

A 1 

-3.25 

0.  A7 

-0.60 

0.28 

-88.73 

A . 6 3 

Bi 

-5.73 

0 . A 7 

-0.85 

0.2  8 

-33.08 

A. 63 

A2 

-0.17 

0.  A7 

0.60 

0.2  8 

22.56 

A. 63 

B2 

1.  AA 

0 • A 7 

0.31 

0.26 

21.79 

A • 6 3 

A3 

0.19 

0.  A 7 

-0.13 

0.28 

A . 5 3 

A. 63 

B3 

0.80 

0 . A 7 

0.15 

0.28 

-0.  AA 

A • 6 3 

AA 

-0.2A 

0 • A 7 

-0.07 

0.28 

-5.  A6 

A. 63 

BA 

-0.32 

0 • A 7 

O.OA 

0.28 

-1.50 

A. 63 

THE 

STANDARD 

ERROR  OE  THE 

REST 

ESTIMATE  VALUES. 

< S • D • ) THE  STANDARD  DEVIATION  OF  THE  OBSERVED  VALUES 


TABLE  21. 

BEST  FITTED  HOURLY  VALUES  OF  DRY-BULB  AND  DEWPOINT  TEMPERATURE 
AND  TOTAL  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE  USING 
LEAST  SQUARES  TECHNIQUE  FOR  THE  AVERAGE  HOTTEST  WEEK  DAY  OF 


1953-1962 

INCLUSIVE  IN 

MINNEAPOLIS,  MINNESOTA 

LOCAL 

SOLAR 

STANDARD 

DRY-BULB 

(S.D.  ) 

DEWPOINT 

( S.D.  ) 

BTU/HR 

(S.D. ) 

TIME 

TEMP. ( F) 

TEMP.(F) 

PER  SQ.FT. 

0. 

74.9 

5.677 

64.0 

6.420 

-0.0 

-0.000 

1. 

73.7 

5.540 

63.8 

6.269 

-0.0 

-0.000 

2. 

72.5 

5.702 

63.6 

6.348 

-0.0 

-0.000 

3. 

71.4 

5.748 

63.5 

6.038 

-0.0 

-0.000 

4. 

70.5 

5.745 

63.3 

6.112 

-0.0 

-0.000 

5. 

70.4 

5.415 

63.2 

5.881 

5.7 

5.141 

6. 

71.1 

4.782 

63.3 

5.683 

29.7 

19.175 

7. 

72.9 

4.390 

63.6 

5.472 

72.5 

30.982 

8. 

75.6 

4.538 

64.0 

5.739 

126.8 

44.483 

9. 

78.6 

5.061 

64.1 

6.307 

179.2 

55.776 

10. 

81.6 

5.084 

64.2 

6.691 

218.1 

64.223 

11. 

84.2 

4.729 

64.  1 

7.077 

239.4 

72.917 

12. 

86.2 

4.853 

64.  1 

7.367 

245.4 

71.815 

13. 

87.6 

5.246 

64.1 

7.699 

239.7 

60.444 

14. 

88.7 

5.524 

64.1 

7.738 

222.3 

57.628 

15. 

89.2 

5.727 

64.1 

7.403 

190.8 

57.660 

16. 

89.0 

5.609 

64.1 

7.438 

145.9 

52.928 

17. 

87.9 

5.787 

64.3 

7.517 

94.8 

38.127 

18. 

86.1 

5.581 

64.7 

7.794 

49.2 

28.397 

19. 

83.7 

5.088 

65.2 

7.135 

18.2 

13.604 

20. 

81.2 

4.854 

65.5 

6.622 

3.4 

3.946 

21. 

79.  1 

4.833 

65.4 

6.301 

-0.0 

-0.000 

22. 

77.3 

5.112 

64.9 

6.314 

— 0 © 0 

-0.000 

23. 

76.0 

5.114 

64.4 

6.406 

-0.0 

-0.000 

(S.E. ) 

0.383 

0.488 

3.005 

HARMONIC 

CONSTANTS  AND 

THEIR 

STANDARD  DEVIATIONS 

(S.E. ) 

( S.E. ) 

(S.E.) 

AO 

79.56 

0.13 

64.16 

0.16 

86.62 

1.00 

A1 

-3.89 

0.18 

0.25 

0.23 

-120.87 

1.42 

B 1 

-8.25 

0.18 

-0.64 

0.23 

-39.60 

1.42 

A2 

0.47 

0.18 

0.24 

0.23 

34. 60r 

1.42 

B2 

1.09 

0.18 

-0.42 

0.23 

23.25 

1.42 

A3 

-0.20 

0.18 

-0.12 

0.23 

1.00 

1.42 

B3 

0.54 

0.18 

-0.09 

0.23 

4.96 

1.42 

A4 

0.06 

0.18 

-0.15 

0.23 

-1.73 

1.42 

B4 

-0.03 

0.18 

-0.05 

0.23 

-5.47 

1.42 

(S.E.)  THE  STANDARD  ERROR  OF  THE  BEST  ESTIMATE  VALUES. 


(S.D.)  THE  STANDARD  DEVIATION  OF  THE  OBSERVED  VALUES 


TABLE  22. 

BEST  FITTED  HOURLY  VALUES  OF  DRY-BULB  AND  DEWPOINT  TEMPERATURE 
AND  TOTAL  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE  USING 
LEAST  SQUARES  TECHNIQUE  FOR  THE  AVERAGE  MOST  HUMID  WEEK  DAY  OF 
1953-1962  INCLUSIVE  IN  MINNEAPOLIS,  MINNESOTA 


LOCAL  SOLAR 


STANDARD 

DRY-BULB 

(S.D. ) 

DEWPOINT 

( S.D. ) 

BTU/HR 

(S.D. ) 

TIME 

TEMP. ( F) 

TEMP. ( F) 

PER  SQ.FT. 

0. 

72.6 

5.212 

67.5 

4.529 

-0.0 

-0.000 

1. 

71.9 

5.023 

67.2 

4.562 

-0.0 

-0.000 

2. 

71.2 

4.928 

67.0 

4.528 

-0.0 

“0.000 

3. 

70.6 

4.879 

66.8 

4.450 

-0.0 

-0.000 

4. 

70.1 

4.674 

66.8 

4.382 

-0.0 

-0.000 

5. 

69.9 

4.474 

66.9 

4.108 

3.7 

6.766 

6. 

70.4 

4.403 

67.2 

4.164 

18.8 

15.419 

7. 

71.7 

4.412 

67.5 

3.941 

48.2 

32.956 

8. 

73.8 

4.915 

67.8 

4.008 

89.2 

50.782 

9. 

76.2 

5.689 

68.0 

4.519 

133.2 

70.122 

10. 

78.4 

6.151 

68.1 

4.918 

171.0 

82.125 

11. 

80.2 

6.806 

68.3 

5.133 

196.5 

92.814 

12. 

81.4 

7.229 

68.4 

5.259 

208.0 

93.244 

13. 

82.4 

7.454 

68.5 

5.368 

206.1 

93.995 

14. 

83.3 

7.832 

68.6 

5.308 

190.8 

85.444 

15. 

83.9 

7.877 

68.6 

5.255 

161.8 

75.602 

16. 

83.9 

7.661 

68.8 

4.964 

121.5 

61.413 

17. 

83.2 

7.297 

6 9.0 

4.852 

77.1 

42.202 

18. 

81.6 

7.241 

69.3 

4.400 

38.1 

23.666 

19. 

79.6 

6.294 

69.4 

4.470 

12.3 

9.222 

20. 

77.6 

5.541 

69.3 

4.508 

0.7 

3.084 

21. 

75.9 

5.143 

69.0 

4.269 

-0.0 

-0.000 

22. 

74.5 

5*100 

68.5 

4.258 

-0.0 

-0.000 

23. 

73.5 

5.005 

67.9 

4.164 

-0.0 

-0.000 

(S.E.  ) 

0.438 

0.336 

3.914 

HARMONIC 

CONSTANTS  AND 

THEIR 

STANDARD  DEVIATIONS 

(S.E.) 

( S.E.  ) 

(S.E.  ) 

AO 

76.57 

0.15 

68.10 

0.11 

69.82 

1.30 

A1 

-3.13 

0.21 

-0.09 

0.16 

-98.33 

1.84 

B1 

-6.12 

0.21 

-1.09 

0.16 

-36.41 

1.84 

A2 

0.14 

0.21 

0.08 

0.16 

29.03, 

1.84 

B2 

0.79 

0.21 

-0.39 

0.16 

25.27 

1.84 

A3 

-0.20 

0.21 

-0.07 

0.16 

0.34 

1.84 

B3 

0.50 

0.21 

-0.04 

0.16 

0.26 

1.84 

A4 

0.11 

0.21 

-0.07 

0.16 

-0.39 

1.84 

B4 

-0.12 

0.21 

0.04 

0.16 

-3.90 

1.84 

(S.E.)  THE  STANDARD  ERROR  OF  THE  BEST  ESTIMATE  VALUES. 


(S.D.)  THE  STANDARD  DEVIATION  OF  THE  OBSERVED  VALUES 


T A 

FILE  23. 

E -ST  F I TT  l u 

HOURLY  VALUES  OF 

DRY-BULB  AND  DlWPUI 

NT  TEMP  ERA  TOR 

E 

AND  TOTAL  SOLAR  RADI  AT  I UN  INCIDENT  UPON 

A HORIZO 

NTAL  SURFACt 

US  INC 

l-ast  souak 

ES  TECHNIQUE  FOR 

THE  AVERAGE 

HOTTEST 

DAY  OF 

. 9 5 3 — 1 9 t>  I 

NCLUSIVE  IN 

MFDFCRD,  OREGON 

LOCAL 

SOLAR 

bT  A i\D  A RD 

DRY-BULB 

(S.D.  ) 

DEWPOINT 

( 3 • D • ) 

B T U /HR 

( S.D. ) 

T I ME 

T E M P . ( F ) 

TEMP .(F) 

PER  SQ.FT. 

0 • 

71.7 

3.055 

54.2 

348 

-0.0 

-o.coo 

I • 

67.4 

3.795 

5^.4 

2. 5G3 

_ Ci 

j • j 

-0.000 

c • 

6 6.8 

3.742 

54.4 

2.685 

-0.0 

-G.000 

3 • 

6 4.3 

3.293 

5 4.1 

3 . 1 2 C 

-0.0 

-0.000 

A. 

62.7 

3.091 

5 3.3 

^•150 

— 0 . 0 

-0.000 

6 • 

6 2.7 

2.936 

5 3.6 

2.7x6 

5.0 

0.585 

o • 

64.8 

2.413 

53.7 

2.211 

3 0.5 

7.077 

7. 

6 8.6 

2.644 

5 4.2 

2.359 

77.2 

10.171 

8. 

73.5 

2.616 

5^.1 

2.547 

13  9.3 

9.249 

9 • 

7 8.6 

2.201 

5 5.3 

5.755 

2C2.8 

14, 644 

l L • 

63.5 

2.875 

5 5.3 

. 906 

253.5 

17.169 

n. 

88.  1 

2.906 

5 4.9 

3.432 

284.4 

15.099 

12. 

72.4 

2.415 

53.1 

4.06  7 

297.0 

13.620 

i 3 • 

96. 1 

3.408 

51.1 

4.122 

2 96.1 

10.763 

1 ^ • 

9 8 . 9 

3.  348 

4 9.4 

-*.90  9 

282.9 

13.085 

I b • 

100.4 

3.42  5 

48.4 

5.442 

2 5 3.3 

14.912 

o • 

100.3 

4. 104 

4 7.9 

7.421 

206.4 

12.130 

17. 

98.7 

4.538 

47.7 

8.724 

145.1 

7.931 

1 E • 

9 5.7 

4.866 

4 7.9 

8.592 

82.7 

3.650 

10. 

91.6 

4.945 

48.5 

6.297 

33.5 

8.474 

20. 

86.8 

3.978 

4 9.6 

7.777 

5.4 

0.897 

21. 

82.1 

4.452 

5 1 . C 

3.718 

-0.0 

-0.000 

22. 

77.9 

4.742 

52.4 

4.581 

-0.0 

-0.000 

23. 

74.6 

3.974 

53.5 

2.791 

-0.0 

-0.000 

(S.E.  ) 

0.677 

0.90  7 

1.846 

HARMONIC  CO 

N S T ANTS  AND 

THEIR 

STANDARD  DEVIATIONS 

(S.E. 

) 

( S . t.  • 

) 

(S.E.) 

AO 

81.28 

0.23 

52.27 

0 • 3 C 

107.80 

0.62 

A 1 

-6.69 

0.32 

-0.44 

0.43 

-144. 66 

0.87 

HI 

-17.05 

0.32 

3.30 

0.43 

-61.37 

0.87 

A2 

0.34 

0.32 

1.77 

0.43 

3 3.68 

0.87 

B2 

1.37 

0.3  2 

-0.20 

0.43 

34.53 

0.  87 

A3 

-0.07 

0.3  2 

-0.24 

0.43 

2.70 

0.87 

B3 

0.97 

0.32 

0.3  3 

0.43 

8.70 

0.87 

A4 

-0.24 

0.32 

0.17 

0.43 

0.93 

0.87 

B4 

0.05 

0.32 

-0.13 

0.43 

-6.04 

0.87 

(S.E.)  THE  STANDARD  ERROR  OF  THE  BEST  ESTIMATE  VALUES. 


(S.D.)  THE  STANDARD  DEVIATION  OF  THE  OBSERVED  VALUES 


T A H L c 2 4. 

L'LST  FITTED  HOURLY  VALUES  ni-  DRY-RULR  AM)  UtwPLJlNT  TEMPERATURE 


AND  TOTAL 

SOLAR  RADI  AT  ION  INCIDENT  UPON 

A HORIZONTAL 

SURFACE 

US  I NG 

LEAST  SQUARES  TECHNTUUE  FOR 

T H E AVERAGE 

HOST  HUMIC  D 

AV  OF 

i 9 5 3 - 1 9 6 <: 

INCLUSIVE 

IN  ME  OF CRD,  OREGON 

LOCAL 

SOLAR 

ST  AnDARO 

OR Y-PULB 

( s.n.  ) 

DEWPOINT 

( S . D • ) 

h TU /HR 

( s.n. ) 

T I MF 

T E M P . ( F ) 

TFMP .(F) 

PER  SQ.FT 

• 

6 8. 9 

6.501 

58.7 

c.  • 4 0 6 

-0.0 

-0.000 

i • 

67.9 

8.350 

58.7 

d • 20  1 

-0.0 

-0.000 

iL  . 

6 6.6 

6.276 

5 8 . 3 

2.331 

-0.0 

-0.000 

3 • 

64.9 

R.  849 

5 7.7 

t_  • 76  7 

- 0 . 0 

-0.00  0 

4 • 

6 3.3 

4.351 

8 7 • :> 

8.129 

-0.0 

-0.000 

3 • 

6 3.0 

3.755 

5 7.9 

5.164 

2.9 

1.073 

c . 

64.0 

6.90  0 

5 5.5 

£.983 

22.1 

13.020 

7. 

6 6.4 

4.541 

5 7.  1 

2.98  1 

5 6.4 

34.457 

fa  . 

69.3 

3.744 

5 9.3 

8.062 

101.7 

49.002 

9. 

72.7 

7.163 

5 9.5 

2.541 

15  0.7 

70.06? 

i vJ  • 

73.8 

8 . 2 7 4 

59.3 

d • 48 6 

196.2 

72.205 

i i . 

7 8.9 

8.97^ 

60.2 

£1.658 

2 3 2.8 

62.205 

12. 

82.2 

9.090 

6 0 . 3 

.>.035 

2 5 5.9 

61.265 

13. 

d 5 • 7 

6.994 

59.  7 

3.084 

260.5 

39.871 

j.  *+ . 

3 8.7 

8.987 

58.9 

4. 2C2 

242.7 

46.612 

i.  o • 

90. 3 

9.187 

58.0 

3.771 

2C2.8 

39.708 

16. 

90.0 

9.650 

57.9 

^t.743 

148.2 

43.653 

17. 

8 7.9 

10.027 

5 8.6 

4.638 

91.7 

56.898 

id. 

84.4 

10.384 

59.6 

4.274 

45.7 

35.030 

19. 

80.4 

9.40  7 

6 0.1 

5.502 

16.8 

10.493 

4-  \J  • 

7 6.6 

7.923 

59.8 

5.245 

3.4 

1.282 

a. 

7 3.6 

6.339 

59.1 

6 • 7 3 6 

-0.0 

-0.000 

22. 

71.3 

5.712 

5 8.6 

7.090 

-0.0 

-0.000 

3 3. 

6 9 . 9 

h.715 

5 8.6 

4.52c 

-0.0 

-0.000 

( S . L . ) 

1.39  3 

U.  72  7 

8.444 

HARMONIC  C 

JnISTANTS  AND  THEIR 

STANDARD  D 

CV  I AT  IONS 

(S.E. 

) 

(S.E. ) 

(S.E. 

Au 

7 6.13 

0.46 

58.  74 

C • 2 4 

84.43 

2.81 

A 1 

-4.90 

0.66 

-0.44 

0.34 

IIP. 47 

3.93 

Rl 

-11.39 

0.66 

-0.39 

U • 34 

-47.60 

3.98 

A 2 

-0.52 

0.66 

0.57 

0.34 

34.44 

3.9  3 

B 2 

2.28 

0.66 

-0.49 

C • 3 4 

34.61 

3.93 

A3 

0.39 

0.66 

-0.39 

0.34 

1.78 

3.98 

B 3 

1.03 

0.66 

0.00 

U.  3 4 

-3.20 

3.93 

A A 

-0.21 

0.66 

-0.13 

0.34 

-2.72 

3.98 

B4 

-0.17 

0.66 

0.48 

0.34 

-2.36 

3.93 

(S.E.)  THE 

STANDARD 

ERROR  OF 

THE  BEST  E 

ST  I iM  A T L VALUE 

S. 

(S.O.)  THE 

standard 

DEVIATION  OF  THE  OBSERVcD  VALUES 

• 

TABLE  25. 

BEST  F1TTCD  HCURLY  VALUcS  OF  DRY-BULB  AM)  DEWPOINT  TEMPERATURE 

'Win  total  solar  radiation  incident  upon  a horizontal  surface  using 


LEAST  SOUAKES  TECHNICUt  FOR  THE 

AVERAGE 

HOT  TFST 

WEEK  DAY  OF 

•'>53-196*. 

I NCLUS I V E 

IN 

MEDFORD, 

OREGON 

LOCAL 

SOLAR 

STANDARD 

DRY-BULB 

( S.D.  ) 

DEWPOINT 

( S.D. ) 

BTU/HP 

( S.D. ) 

T 1 VE 

TEMP.  ( F ) 

TEMP .(F) 

PER  SO. FT. 

0 • 

68.9 

4.98  3 

6 1.8 

4.364 

-o.c 

-0.000 

A.  . 

66.6 

h . 7 i 4 

51.9 

3.901 

-0.0 

-0.000 

L.  . 

64.  A 

5 .015 

51.7 

3.999 

-0.0 

-0.009 

3 • 

62.0 

4 • 5 9 d 

5 1.3 

4.040 

-O.o 

-0.000 

4. 

60.4 

4.701 

51.1 

4.080 

-0.0 

-0.000 

. 

60.2 

4.745 

31.2 

4.206 

2.2 

C.361 

6. 

61.9 

4.233 

51.6 

4.177 

24.7 

7.420 

7. 

65.5 

3.949 

5 2.2 

4.087 

6 9.3 

15.351 

e. 

70. 1 

3.972 

52.7 

4.154 

130.0 

20.625 

9 . 

7 5.0 

4.05C 

53.2 

3.818 

192.4 

32.703 

10. 

79.4 

h . 25  5 

53.4 

4.151 

242.3 

32.282 

li. 

83.5 

4.426 

53.3 

4.091 

273.4 

41.713 

12. 

87.3 

4.75C 

5 2.9 

4.912 

287.8 

53.878 

13. 

90.9 

4.926 

52.2 

5.217 

289.1 

32.472 

14. 

94.  1 

5.000 

51.5 

3.54? 

276.7 

27.936 

15. 

96.3 

5.106 

51.0 

5.423 

245.8 

28.735 

16. 

96.8 

0.293 

50.7 

3.950 

194.9 

27.379 

17. 

95.4 

5.566 

5 0.7 

0.833 

131.2 

25.225 

16. 

92.2 

5.835 

50.8 

6.783 

6 9.9 

18.158 

19. 

87.9 

3.331 

50.8 

6.552 

2 5.5 

9.061 

2C  • 

83.2 

5.031 

5 0.8 

6.263 

3.1 

1.007 

21. 

78.5 

4.761 

50.9 

3.743 

-0.0 

-0.000 

22. 

74.5 

4.911 

51.1 

3.625 

-0.0 

-0.000 

23 . 

71.4 

4.615 

51.5 

3.043 

-0.0 

-0.000 

( S.E.  ) 

0.351 

0.368 

1.634 

HARMONIC  CONSTANTS  AND 

THEIR  ST 

ANDARD  DEVIATIONS 

( S.E.  ) 

(S.E. 

) 

(S.E. 

All 

77.76 

0.12 

51.68 

C.  12 

102.21 

0.54 

A 1 

-5.98 

0.17 

-0.76 

C.  17 

-139.49 

0 • 77 

B 1 

-16.37 

0.17 

0.49 

0.17 

-58.60 

0.77 

A 2 

-0.18 

0.17 

0.72 

0.17 

35.08 

0.77 

B 2 

1.29 

0.17 

-0.10 

0.17 

36.  08 

0.77 

A3 

-0.05 

0.17 

-0.14 

0.17 

2.93 

0.77 

B 3 

1.22 

0.17 

0.24 

0.17 

5.92 

0.77 

A4 

-0.17 

0.17 

-0.01 

0.17 

-0.45 

0.77 

B4 

-0.12 

C . 1 7 

0.10 

G . 1 7 

-7.24 

0.77 

(S.E.)  THE 

STANDARD 

ERROR  OF  THE  BEST  ESTIMATE  VALUES. 

( s • d • ) the  standard  deviation  of  the  observed  values 


TABLE 

26. 

BE  S T FITTED 

HOURLY  VALUES  OF 

DRY 

-BULB  AND 

l)c  WPG  I NT 

TEMPERATURE 

ADD  TOTAL  6 

OLAR  RADIATION  INC  IDE 

NT  UPON  A 

HUR IZGNTAL  SURE AC  I 

USING  l 

LEAST  S 0 U A R 

-S  TECHNIQUE  FOR  THt 

A V E K A (9  r h 

GST  HUMID 

wElK  DAY 

OF  i 

i 053-1 962  I DC L US  I VF 

IN  MEDFCRD, 

OREGON 

local 

SOLAR 

STANDARD 

DRY-BULR 

( S.D.  ) 

DEWPOINT 

( S.D.  ) 

3TU/HR 

( S.D. ) 

T I M F 

TEMP. ( F ) 

TEMP . ( F ) 

PER  SQ.FT 

• 

u • 

6 6.2 

6.420 

55.1 

4. 209 

-0.0 

-o.ocr 

X • 

64 . 8 

6.016 

5 4.3 

4.00  8 

-0.0 

-0. 00r 

L • 

6 2.8 

5.72  9 

5 4.3 

4.113 

-0.0 

-o.ool 

3. 

61. 1 

5.30  5 

5 3.8 

9.35  6 

-0.0 

-o.ooc 

4. 

60.0 

5 . 06  A 

5 3.5 

4.375 

-0.0 

-G.00C 

5. 

60.0 

4.838 

53.6 

4.249 

2.4 

1.052 

6 • 

61.4 

4.79  3 

5 4.1 

9.091 

20.9 

12.461 

7. 

64.0 

5.533 

5 4.8 

4.049 

57.2 

32.660 

a • 

67.4 

6.541 

55.4 

3.840 

107.3 

51.502 

9. 

70.9 

7.50  6 

5 5.3 

3.57  3 

160.9 

67.761 

10. 

74.4 

8.499 

5 6.0 

8.873 

206.4 

79.810 

11. 

7 7.8 

9.346 

5 6.1 

3.638 

237.2 

84 . 60  o 

12. 

81.0 

10. 15C 

56. 1 

3.59C 

252.0 

8 9 . 2 8 x 

13. 

84.2 

11.107 

5 5.8 

4.230 

251.8 

83.239 

14. 

8 6.8 

11.751 

55.4 

4.336 

236.7 

81.559 

* C 

X • 

8 8.4 

12.437 

56.2 

6.864 

205.3 

76.3C5 

16. 

88.5 

13.039 

5 5.2 

4. 379 

15  9.4 

66.886 

17. 

87.0 

12.975 

5 5.5 

5.296 

106.1 

51 . 3-22 

18. 

84.  1 

12.632 

55.9 

5.268 

5 6.9 

34.393 

19. 

80.4 

11.582 

5 6.1 

4.657 

21.7 

12.929 

20. 

76.5 

9.97  7 

56.0 

5.133 

3.5 

1.348 

21. 

7 2.9 

8.81c 

5 5.7 

4.716 

-0.0 

-0.000 

22. 

70.1 

3.219 

55.4 

4.46  8 

-0.0 

-0.000 

23. 

67.9 

7.374 

5 5.2 

4.319 

-0.0 

-0.000 

( S.E.  ) 

0.657 

0 • 314 

3.622 

HARMONIC  CONSTANTS  AND  THEIR 

STANDARD  DEVIATIONS 

( S.E.  ) 

( S.E. ) 

( S.E. 

AO 

73.25 

0.22 

55.21 

0.10 

86.72 

1.21 

Ai 

-5.09 

0.31 

-0.31 

0.15 

-119.38 

1.71 

81 

-12.59 

0.31 

-0.78 

0.15 

-49.32 

1.71 

A2 

-0.31 

0.31 

0.55 

0.15 

32.17 

1.71 

B 2 

1.44 

0.31 

-0.40 

0.15 

31.62 

1.71 

A3 

0.13 

0.31 

-0.15 

0.15 

0.79 

1.71 

B3 

0.90 

0.31 

0.16 

0.15 

2.56 

1.71 

A4 

-0.09 

0.31 

-0.0  9 

0.15 

-0.30 

1.71 

84 

-0.04 

0.31 

0.17 

0.15 

-4.60 

1.71 

(S.E.)  THE 

STANDARD 

ERROR  OF 

THE 

BEST  ESTIMATE  VALUES. 

(S.D.)  THE 

STANDARD 

DEVIATION 

OF 

THE  OBSERVED  VALUES. 

TABLE  27. 

feEST  FITTEU  HCURLY  VALUES  OF  DRY-BULB  AND  DEWPOINT  TEMPERATURE 


mND  TOTAL 

SOLAR  RADIATION  INCIDENT  UPON 

A HORIZONTAL  SURFACE 

USING 

.EAST  SQUARES  TECHNIQUE  FOR 

THE  AVERAGE 

HOTTEST  DAY 

OF 

. 953-1 96c 

INCLUSIVE  IN 

HOUSTON,  TEX'VS 

LOCAL 

SOLAR 

STANDARD 

DRY-BULB 

( S.D. ) 

DEWPOINT 

( S.D. ) 

BTU/HR 

( S.D. ) 

TIME 

TEMP. ( F ) 

TEMP  .(F) 

PER  SQ.FT. 

C. 

80. 5 

2.01  1 

7 4.5 

2.708 

-0.0 

-0.000 

1. 

79.9 

1.567 

75.  1 

2.601 

-0.0 

-0.000 

c.  • 

79.3 

1.155 

75.3 

c.558 

-0.0 

-0.000 

3. 

78.7 

1.101 

75.0 

2.251 

-0.0 

—0.000 

4. 

78.2 

1.434 

74.6 

2.160 

-0.0 

-0.000 

r. 

• 

78.0 

1.398 

74.6 

2.366 

3.8 

3.296 

6. 

78.6 

1.944 

7 4.7 

2.366 

27.9 

10.820 

7. 

80.  to 

2.119 

74.6 

2.201 

76.2 

29.211 

o • 

83.8 

1.578 

74.0 

2.951 

144.1 

28.034 

9. 

87.5 

1.78C 

73.0 

3.340 

216.0 

21.508 

10. 

90.8 

2.011 

72.0 

2.726 

272.6 

32.547 

11. 

93.0 

2.28  3 

71.4 

3.199 

299.8 

10. 557 

12. 

94.  2 

2.627 

71.1 

3.266 

294.9 

38.408 

13. 

94.9 

3.373 

70.9 

3.479 

264.0 

34.155 

14. 

95.6 

3.836 

70.5 

3.596 

217.0 

85.353 

15. 

96.2 

3.308 

70.2 

4.447 

162.9 

79.006 

16. 

96.1 

4.057 

70.4 

4.040 

108.7 

t>2  • 656 

17. 

94.6 

3.622 

71.3 

4.638 

60.7 

38.474 

16. 

91.9 

3.273 

72.6 

3 • 440 

24.9 

18.973 

19. 

88.7 

2.503 

73.6 

2.726 

4.4 

3.163 

20. 

85.7 

1.647 

74.0 

2.150 

3.5 

-0.000 

21. 

83.5 

1.476 

7 3.8 

2.283 

-0.0 

-0.000 

22. 

82.1 

1.35C 

73.6 

3.340 

-0.0 

-0.000 

23. 

81.2 

0.789 

73.9 

2.998 

-0.0 

-0.000 

(S.E.  ) 

0.448 

0.578 

7.192 

HARMONIC 

CONSTANTS  AND 

THEIR 

STANDARD  DEVIATIONS 

(S.E. 

) 

( S.E. ) 

( S.E.  ) 

AG 

86.40 

0.15 

73.12 

0.19 

90.52 

2.40 

A 1 

-5.49 

0.21 

1.46 

0.27 

-138.95 

3.39 

B 1 

-7.39 

0.21 

1.66 

0.27 

-26.65 

3.39 

A2 

0.40 

0.21 

-0.15 

0.27 

59.05 

3.39 

B2 

1.36 

0.21 

-0.56 

0.27 

18.89 

3.39 

A3 

-0.40 

0.21 

-0.22 

0.27 

-10.52 

3.39 

B 3 

0.94 

0.21 

0.01 

0.27 

1.79 

3.39 

A4 

0.30 

0.21 

-0.34 

0.27 

0.79 

3.39 

B4 

-0.30 

0.21 

0.34 

0.27 

-4.53 

3.39 

(S.E.)  THE  STANDARD  ERROR  OF  THE  BEST  ESTIMATE  VALUES. 


(S.D.)  THE  STANDARD 


DEVIATION  OF  THE  OBSERVED  VALUES. 


TABLE  2d. 

BEST  FITTED  HOURLY  VALUES  OF  DRY-BULB  AMj  UtWPUINT  TEMPERATURE 
AND  TOTAL  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE  USING 


LcAST  SQUARES  TECHNIQUE  FOR 

THE 

AVERAGE 

MOST  HUMID 

DAY  D F 

I V 5 3 - 1 9 6 2 

INCLUSIVE  IN 

HOUSTON, 

TEXAS 

LOCAL 

SOLAR 

STANDARD 

DRY-BULB 

(S.D.) 

DEWPOINT 

( S.D. ) 

8TU/HR 

(S.D.) 

T I RE 

TEMP. ( F ) 

TEMP  .(F) 

PER  SQ.FT. 

Q • 

73.7 

1.033 

76.9 

i.  135 

-0.0 

-0.000 

i . 

78.8 

1.287 

77.  1 

0.87  6 

-0.0 

-O.OCO 

2 • 

78.8 

1.265 

77.0 

i.  197 

-0.0 

-0.000 

D • 

7 3.5 

1 • 4 3 C 

76.5 

i.080 

-0.0 

-O.OCO 

4 • 

77.8 

1.40  1 

7 6.1 

i.494 

-0.0 

-o.occ 

<- 

J • 

77.5 

1.449 

76.0 

1.549 

-2.4 

1.301 

6. 

73.1 

1.252 

7 6.5 

i.449 

7.3 

9.034 

7 • 

79.8 

i.265 

77.2 

0.843 

40.4 

26.725 

8 • 

82.3 

1.935 

77.7 

1.333 

95.5 

3 1 • 6 9 l 

9. 

84. 8 

2.331 

77.5 

1.506 

15  8.6 

42.943 

1C. 

86.5 

2.914 

7 6.9 

i.08C 

210.9 

55.880 

11. 

87.2 

3.232 

76.3 

i.776 

2 3 9.9 

52.645 

12. 

87.4 

3.806 

76.1 

i.476 

243.6 

59.644 

13. 

87.4 

3.498 

76.2 

1.713 

226.8 

48.851 

14. 

87.3 

3.04  8 

76.4 

1.650 

194.8 

47.963 

15. 

87.0 

2.486 

76.5 

1.900 

151.1 

50.555 

16. 

86.2 

3.107 

76.  5 

£ . 20  i 

100.1 

43.227 

17. 

84.0 

2.331 

7 6.6 

^.283 

5 0.6 

34.799 

18. 

83.3 

1.751 

7 6.9 

2.079 

13.7 

12.991 

19. 

81.7 

1.506 

77.1 

1.814 

-3.7 

1.561 

2C  • 

80.5 

1.619 

77.2 

i.633 

3.5 

-0.000 

21. 

79.7 

1.549 

77.0 

1.563 

-0.0 

— Q . 0 0 1 j 

22. 

79.1 

1.595 

76.3 

1.524 

-0.0 

-0.000 

23. 

78.7 

1.337 

76.7 

1.751 

-0.0 

-0.000 

( S.E.  ) 

0.412 

0.300 

6.384 

HARMON IC 

CONSTANTS  AND 

THE  I R 

STANDARD  DEVIATIONS 

(S.E. 

) 

( S.E. ) 

(S.E. 

AO 

8 2.17 

0.14 

76.75 

0.10 

72.07 

2.13 

Ai 

-3.04 

0.15 

0.12 

C.14 

-111.57 

3.01 

Bi 

-3.03 

0.19 

0.03 

0.14 

-29.81 

3.01 

A 2 

0.89 

0.19 

0.10 

0.14 

48.17 

3.01 

B2 

0.82 

0 . 1 9 

-0.37 

0.14 

26.22 

3.01 

A3 

-0.31 

0.19 

0.09 

G.  14 

-7.93 

3.01 

B 3 

0.67 

0.19 

0.34 

0.14 

-3.  32 

3.01 

A4 

-0.07 

0.19 

-0.34 

0.14 

0.19 

3.01 

B4 

-0.32 

0.19 

-0.00 

0.14 

-7.89 

3.01 

(S.E.)  TH 

E STANDARD  ERROR  OF 

THE  BEST  ESTIMATE  VALUES. 

(S.D.)  THE  STANDARD  DEVIATION  OF  THE  OBSERVED  VALUES 


TABLt  29. 

BtST  FITTED  HOURLY  VALUES  OF  DRY-BULB  AND  DEWPOINT  TEMPERATURE 
AND  TOTAL  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE  USING 
LEAST  SQUARES  TECHNIQUE  FOR  THE  AVERAGE  HOTTEST  WEEK  DAY  OF 


1983-1962 

INCLUSIVE 

IN  HOUSTON,  TEXAS 

LOCAL 

SOLAR 

ST ANDARD 

DRY-BULB 

( S.D.  ) 

DEWPOINT 

( S.D. ) 

BTU/HR 

( S.D. ) 

TIME 

TEMP. (F) 

TEMP.(F) 

PER  SQ.FT. 

0. 

79.2 

1.480 

74.5 

2.143 

-0.0 

-0.000 

1. 

78.7 

1.530 

7 4.6 

2.039 

-0.0 

-0.000 

2 . 

78.1 

1.469 

74.5 

1.859 

-C.0 

-0.000 

3. 

77.4 

1.529 

74.2 

1.866 

-0.0 

-0.000 

4. 

76.8 

1.664 

74.0 

i.880 

-0.0 

-0.000 

5 • 

76.7 

1.685 

74.2 

1.835 

1.0 

2.764 

6. 

77.7 

1.587 

74.7 

1.841 

23.3 

15.928 

7. 

79.9 

2.063 

75.  1 

1.748 

72.1 

29.063 

B. 

83.0 

1.998 

75.0 

2.385 

140.1 

40.844 

9. 

86. 3 

2.323 

74.2 

2.886 

209.3 

42.131 

10. 

89. 1 

2.695 

7 3.0 

2.568 

261.7 

42.603 

11. 

90.9 

2.555 

71.9 

2.967 

289.4 

48.402 

12. 

92.2 

2.769 

71.3 

2.801 

294.4 

50.209 

13. 

93.3 

3.186 

71.0 

3.018 

281.7 

48.633 

14. 

94.2 

3.446 

70.9 

3.246 

253.0 

47.418 

15. 

94.7 

3.611 

71.1 

3. 220 

207.1 

44 . 547 

16. 

94.3 

4.238 

71.5 

3.260 

146.8 

41.395 

17. 

92.6 

3.971 

72.2 

3.200 

83.2 

29.895 

18. 

90.0 

3.919 

73.3 

2.899 

32.1 

19.769 

19. 

87.0 

3.091 

74.2 

2.090 

3.9 

7.506 

20. 

84.3 

2.200 

74.6 

2.327 

-3.0 

0.260 

21. 

82.2 

1.76C 

74.6 

2.357 

-0.0 

-0.000 

22. 

80.8 

1.522 

74.4 

2.424 

-0.0 

-0.000 

23. 

79.9 

1.513 

74.4 

2.301 

-0.0 

-0.000 

( S.E.  ) 

0.188 

0.186 

2.273 

HARMONIC 

CONSTANTS  AND  THEIR 

STANDARD  DEVIATIONS 

( S.E. ) 

( S.E. ) 

( S.E. ) 

AO 

84.97 

0.06 

73.43 

0.06 

95.72 

0.76 

A 1 

-5.40 

0.09 

1.13 

0.09 

-141.98 

1.07 

81 

-7.05 

0.09 

1.13 

0.09 

-39.70 

1.07 

A 2 

0.38 

0.0  9 

-0.04 

0.09 

51.41 

1.07 

B2 

1.25 

0.09 

-1.04 

0.09 

29.42 

1.07 

A3 

-0.14 

0.09 

0.03 

0.09 

-2.52 

1.07 

B3 

0.90 

0.09 

0.20 

0.09 

1.44 

1.07 

A4 

0.06 

0.09 

-0.29 

0.09 

-2.22 

1.07 

64 

-0.26 

0.09 

0.12 

0.09 

-8.82 

1.07 

(S.E.)  THE  STANDARD  ERROR  OF  THE  BEST  ESTIMATE  VALUES. 


(S.D.)  THE  STANDARD  DEVIATION  OF  THE  OBSERVED  VALUES 


FA  RLE  iU. 

RtST  FITTED  HOURLY  VALUES  OF  DKY-RULR  AM)  DtWPOINT  TEMPERATURE 
AN!)  TOTAL  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE  USING 
LEAST  SQUARES  TECHNIQUE  FOR  THE  AVERAGE  MUST  HUMIC  WEEK  DAY  OF 


1 ) 5 3 - 1 96c 

I NCLUS I VE 

IN 

HOUSTON,  TC-X  AS 

LOCAL 

SOLAR 

STANDARD 

DRY-RULR 

( S.D.  ) 

DEWPOINT 

( S.D. ) 

rtTU/HR 

( S.D.  ) 

T I MF 

T FMP.  ( F ) 

TEMP . ( F ) 

PER  SQ.FT. 

O » 

78.3 

1.791 

75.7 

i.32  5 

-0.0 

-0.000 

i • 

78.0 

1.706 

75.7 

1.781 

-0.0 

-0.000 

i-  • 

77.7 

1.864 

75.5 

1.717 

-0.0 

-0.000 

3 • 

77.3 

i.824 

75.3 

i.648 

-0.0 

-0.000 

77.0 

1.785 

75.1 

i.  • 742 

-o.c 

— 0 . 000 

^ • 

76.9 

1.941 

75.1 

1.738 

1.2 

8.006 

t>  • 

77.5 

1.794 

7 5.4 

1.718 

13.9 

11.427 

7. 

79. 1 

2.579 

75.8 

1.758 

44.5 

27.455 

E • 

81.4 

2.933 

7 5.9 

i.973 

92.4 

46.468 

9. 

8 3.7 

3.324 

75.9 

2.267 

14  9.0 

64.135 

1C  • 

85. 5 

3.744 

75.3 

1.93  0 

201.1 

67.378 

11. 

86.3 

4.145 

74.8 

<_  • 40 7 

237.0 

62.851 

12* 

86.5 

4.609 

7 4.5 

2.429 

252.1 

61.889 

13. 

86.4 

4.936 

74.4 

£.749 

243.3 

56.317 

14. 

86.5 

4.959 

74.5 

2.488 

213.1 

58.989 

15. 

86.7 

4.605 

74.6 

2.826 

16  6.5 

61 .863 

1 6. 

86. 5 

4.583 

74.  8 

2.809 

111.6 

50.283 

17. 

85.5 

4.041 

75.1 

£.411 

59.7 

34.553 

18. 

8 3.9 

3.592 

75.4 

2.104 

21.2 

16.508 

19. 

82.1 

2.897 

7 5.3 

1.952 

1.3 

4.  647 

20. 

30.5 

2.062 

76.0 

1.973 

-3.0 

0.000 

£ J.  • 

79.4 

1.733 

76.0 

1.912 

-0.0 

-0.000 

2 2. 

7 8.8 

1.764 

75.3 

1.808 

-0.0 

-0.000 

2 3 * 

78.5 

1.734 

75.7 

1.782 

-0.0 

-0.0 CO 

( S . E . ) 

0.233 

u.  154 

2.774 

HARMONIC  CONSTANTS  AND 

THEIR 

STANDARD  DEVIATIONS 

( S.E.  ) 

( S.E.  ) 

(S.E. 

AO 

81.66 

0.08 

75.34 

0.05 

75.28 

0.92 

Ai 

-3.68 

0.11 

0.41 

0.07 

-113.65 

1.31 

B 1 

-3.56 

0.11 

0.20 

0.07 

-35.35 

1.31 

A 2 

0.60 

0.11 

0.10 

0.0  7 

44.42 

1.31 

B2 

0.61 

0.11 

-0.46 

0.07 

31.01 

1.31 

A3 

-0.24 

0.11 

0.04 

0.07 

-4.65 

1.31 

B 3 

0.77 

0.11 

0.17 

0.07 

-6.13 

1.31 

A4 

0.14 

C.ll 

-0.15 

0.07 

-0.43 

1.31 

84 

-0.23 

0.11 

0.01 

0.07 

-4.07 

1.31 

(S.E.)  THE 

STANDARD 

ERROR  OF 

THE  BEST  ESTIMATE  VALUES. 

(S.D.)  THE 

STANDARD 

DEVIATION 

OF  THE  OBSERVED  VALUES. 

TABLF  jl.  COMPARISON  OF  OBSERVED  TOTAL  SOLAR  RADIATION 

WITH  CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
HOTTEST  DAYS  (IN  1953-1962  INCLUSIVE) 

IN  PHOEN IX, ARIZONA 

LATITUDE (DEG)  = 33,4 


LONG  I TUDE ( DEG ) = 112.0 


tgU.  OF  TIME  = -5.0  (MIN.) 

TIME  CORRECT  I 0 N = -2b. 0 (MIN.) 


DAY  OF  YEAR  = 189. 
SUNRISE  = 5.5 
SUN  SET  = 19.6 


MOUNTAIN  STANCARD  TIME 
MOUNTAIN  STANCARD  TIME 


SOLAR  RADIATION,  E T U/HR / { SO. F T ) 


TIME 

SUN,  S 

OUTER 

MOON, S 

CALC. 

ASHRAE 

CALC. 

CBS. 

(HR) 

ALTITUDE  SPACE 

STANDARD 

HUR I Z. 

DIFFUSE 

TOTAL 

TOTAL 

(DEG. ) 

( 1 ) 

VALUE( 2 ) 

( 3) 

(4) 

(4) 

(4) 

6 • 

6. 

43. 

79. 

8. 

8. 

16. 

19. 

7. 

18. 

129. 

183. 

55. 

21. 

76. 

66. 

8. 

30  • 

212. 

234. 

116. 

2 8. 

144. 

134. 

9. 

42. 

287. 

262. 

176. 

31. 

207. 

203. 

10. 

55. 

349. 

278. 

227. 

33. 

260. 

258. 

11. 

67. 

39  3. 

286. 

263. 

35. 

298. 

290. 

12. 

7 7. 

417. 

291. 

283. 

35. 

318. 

303. 

13. 

77. 

418. 

291. 

284. 

35. 

319. 

302. 

14. 

6 8. 

397. 

287. 

266. 

35. 

301. 

288. 

15. 

56. 

354. 

279. 

231. 

34. 

265. 

253. 

j.6  • 

43. 

294. 

264. 

181. 

32. 

213. 

196. 

17. 

31. 

220  . 

238. 

122. 

28. 

151. 

125. 

18. 

19. 

137. 

190. 

61. 

22. 

83. 

60. 

19. 

7. 

51. 

95. 

11. 

10. 

22. 

17. 

1)  The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 

2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  COI^DITICNS 
PRECIPITA3LE  WATER  VAPOR  20  MM, DUST  C CNCE NTRA T I CN  30G/(CU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  mm  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  CIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MOON,S  STANDARD 

4)  SOLAR  RADIATION  INCIDENT  UPON  A HORIZCNTAL  SURFACE 


TA^LE  32.  COMPARISON  U F OBSERVED  TOTAL  SOLAR  RADIATION 

WITH  CALCULATED  SOLAR  RADIATION  FOR  TEE  AVERAGE 
MOST  HUMID  DAYS  (IN  1933-1962  INCLUSIVE) 

IN  PHOENIX, ARIZONA 

L ATI  TUOt (DEG  ) = 33.4 

LONG  I TUOl (DEG)=  1 12.0 

ECU.  OF  TIME  = -6.0  (MIN*  ) 

TIME  CORRECT  I ON  = -28.0  (MIN.) 


DAY  OF  YEAR  = 226. 


SUNK  I SE 

= 

5.9  MOUNTAIN 

standard 

TIME 

SUNSE 

T 

= 

19.2  MOUNTAIN 

STANDARD 

TIME 

SOLAR  RADIATION,  HTU/HR/(SQ 

.FT) 

TIME 

SUN,  S 

OUTER 

MCGn,S 

CALC. 

ASHRAE 

CALC. 

OBS. 

(HR  ) 

ALTITUDE 

SPACE 

STANDARD 

HOR  I Z . 

DIFFUSE 

TOTAL 

TOTAL 

(DEG. ) 

( 1 ) 

VALUE ( 2 ) 

(3) 

( 4 ) 

(4) 

(4) 

6 • 

i • 

5. 

0. 

0. 

0. 

C. 

8. 

7. 

13. 

96. 

150. 

33. 

17. 

81. 

34. 

8. 

28. 

135. 

219. 

94. 

26. 

120. 

69. 

9. 

38. 

265. 

254. 

156. 

31. 

187. 

105. 

10. 

50. 

331. 

273. 

209. 

3 3. 

242. 

138. 

11. 

6 1 . 

378. 

284. 

248. 

34. 

282. 

167. 

12. 

69. 

403. 

288. 

269. 

35. 

304. 

190. 

13. 

70. 

404. 

289. 

270. 

35. 

305. 

203. 

1m-  • 

62. 

382. 

284. 

252. 

34. 

286. 

198. 

13. 

5 c. . 

338  . 

2 7 5. 

215. 

33. 

248. 

170. 

16. 

31. 

275  . 

257. 

164. 

31. 

194. 

123. 

17. 

27. 

196. 

225. 

102. 

27. 

129. 

72. 

1 8 • 

1 3 • 

108. 

163. 

41. 

19. 

60. 

31. 

19. 

2 • 

17. 

9. 

0. 

1. 

1. 

8. 

1)  The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 

2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITABLE  WATER  VAPOR  20  MM, DUST  CONCENTRATION  300/(CU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  ClEAVELAND  LABORATORY  DATA  OF  DIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MOON,$  STANDARD 


4)  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


TABLE  33 


COMPARISON  OF  OBSERVED 
to  I T H CALCULATED  SOLAR 
HOTTEST  WEEK  DAYS 
IN  PHOENIX, ARIZONA 


TOTAL  SOLAR  RADIATION 
RADIATION  FOR  THE  AVERAGE 
(IN  1953-1962  INCLUSIVE) 


LATITUDE(DEG)  = 33.4 


LGNGITUUE(DEG)=  112.0 


EQU.  OF  TIME  = -6.0  (MIN.) 

TIME  CO  RR  LC  T 1 0N=  -28. 0 (MIN.) 


DAY  OF  YEAR 

SUNRISE 

SUNSET 


192. 

5.5  MOUNTAIN  STANCARD  TIME 
19.6  MOUNTAIN  STANCARD  TIME 
SOLAR  RADIATION,  BTU/HR / ( SQ« F T ) 


TIME  SUN , S OUTER 
(HR)  ALTITUDE  SPACE 
(DEG.)  (1) 


M 0 0 N , S CALC.  ASHRAE  CALC.  CBS. 
STANDARD  HORIZ.  DIFFUSE  TOTAL  TOTAL 
V ALU  E ( 2 ) (3)  (*)  l4)  (4) 


6. 

5. 

7. 

17. 

8. 

29. 

9. 

42. 

10. 

54. 

11. 

66  • 

12. 

76. 

13. 

77. 

14. 

68. 

15. 

56. 

16. 

43. 

17. 

31. 

18. 

19. 

19. 

7. 

39. 

72. 

126. 

180. 

210. 

233. 

285. 

261. 

348. 

277. 

392. 

286. 

416. 

290. 

417. 

291. 

396. 

287. 

355. 

279. 

295. 

264. 

220. 

238 , 

137. 

190, 

51. 

95, 

7. 

8. 

53. 

21. 

114. 

28. 

174. 

31. 

225. 

33. 

262. 

35. 

282. 

35. 

284. 

35. 

266. 

35. 

231. 

34. 

181. 

32. 

123. 

28. 

61. 

22. 

11. 

10. 

14. 

19. 

74. 

63. 

142. 

127. 

205. 

194. 

259. 

248. 

297. 

282. 

317. 

298. 

319. 

301. 

301. 

290. 

265. 

259. 

213. 

204. 

151. 

135. 

83. 

67. 

22. 

20. 

O The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 


?)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
rnNDITION  WITH  THF  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPUABLE  WA^ER  VAPOR  20  MM, OUST  CONCENTRATION  300/ICU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  ClEAVELAND  LABORATORY  DATA  OF  DIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATEO  MOON.S  STANDARD 


4)  SOLAR 


RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


TABLE  34.  COMPARISON  UF  OBSERVED  TOTAL  SOLAR  RADIATION 

WITH  CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
MOST  HUMID  WEEK  DAYS  (IN  1953-1962  INCLUSIVE) 
I N PHOEN 1 X , AR IZCN A 


L AT  I TUDE ( DEG ) = 33.4 

LONG  I TUDE ( DEG ) = 112.0 

EQU.  UF  TIMc  = -6.0  (MIN.) 

TIME  CORREC  T IQN  = -28.0  (MIN.) 

DAY  OF  Y t AR  = 223. 

SUNRISE  = 5.9  MOUNTAIN  STANDARD  TIME 

SUNSET  = 19.2  MOUNTAIN  STANDARD  TIME 


SOLAR  RADIATION,  BTU/ HR / ( SQ. FT ) 


TIME 

SUN,  S 

OUTER 

MOON, S 

CALC. 

ASHRAE 

CALC. 

CBS. 

(HR) 

ALTITUDE  SPACE 

STANDARD 

HORIZ. 

DIFFUSE 

TOTAL 

TOTAL 

( DEG. ) 

( 1 ) 

VALUE ( 2 ) 

(3) 

(4) 

(4) 

(4) 

6. 

1. 

9. 

2. 

0. 

0. 

0. 

11. 

7. 

13. 

100. 

154. 

36. 

18. 

53. 

44. 

8. 

26. 

188. 

221. 

96. 

26. 

123. 

93. 

9. 

38. 

268. 

255. 

158. 

31. 

189. 

148. 

10. 

51. 

333. 

274. 

211. 

33. 

244. 

197. 

11. 

62. 

380. 

284. 

250. 

34. 

284. 

233. 

12. 

70. 

405. 

289. 

271. 

35. 

306. 

256. 

13. 

70. 

406. 

289. 

273. 

35. 

308. 

263. 

14. 

63. 

384. 

284. 

254. 

34. 

288. 

252. 

15. 

5 2. 

340. 

275. 

217. 

33. 

251. 

217. 

16. 

40. 

277. 

258. 

166. 

31. 

197. 

161. 

17. 

28. 

199. 

227. 

105. 

27. 

132. 

97. 

18. 

15. 

112. 

166. 

43. 

19. 

62. 

42. 

19. 

3. 

21. 

16. 

1. 

2. 

2. 

9. 

1)  The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 


2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITABLE  WATER  VAPOR  20  MM, DUST  CONCENTRATION  300/(CU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  DIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  08SERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MOON,S  STANDARD 

4)  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


TABLE  35.  COMPARISON  OF  OBSERVED  TOTAL  SOLAR  RADIATION 

WITH  CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
HOTTEST  DAYS  (IN  1953-1962  INCLUSIVE) 
IN  WASHINGTON, D.C. 


L AT  I TUDE ( DEG ) = 38.9 

LONGITUDE(DEG)=  77.1 


EQU.  OF  TIME  = 
TIME  CORREC  T I CN  = 
DAY  OF  YEAR 
SUNRISE 
SUN  S c T 


-6.0  (MIN.) 

-8.0  ( MIN.  ) 

206. 

5.1  EASTERN  STANDARD  TIME 
19.3  EASTERN  STANDARD  TIME 


SOLAR  RADIATION,  B T U/ HR / ( SQ . F T ) 


TIME 

SUN,  S 

OUTER 

M 0 C N , S 

CALC. 

ASHRAE 

CALC. 

GBS. 

(HR  ) 

ALTITUDE  SPACE 

STANCARC 

HOR I Z. 

DIFFUSE 

TOTAL 

TOTAL 

(DEG. ) 

( 1) 

V A LU E ( 2 ) 

(3) 

(4) 

(4) 

(4) 

6. 

9. 

70. 

120. 

20. 

13. 

33. 

17. 

7. 

21. 

152. 

201. 

71. 

24. 

95. 

51. 

8. 

32. 

230. 

242. 

130. 

29. 

159. 

103. 

9. 

44. 

298. 

265. 

184. 

32. 

216. 

164. 

10. 

55. 

352. 

278. 

228. 

34. 

262. 

217. 

11. 

65. 

388. 

285. 

258. 

34. 

292. 

251. 

12. 

70. 

404. 

289. 

272. 

35. 

307. 

264. 

13. 

68. 

398. 

287. 

267. 

35. 

302. 

261. 

14. 

60. 

371. 

283. 

245. 

34. 

279. 

244. 

15. 

49. 

325  . 

272. 

206. 

33. 

239. 

213. 

16. 

38. 

263. 

254. 

156. 

31. 

187. 

167. 

17. 

2b  . 

189. 

222. 

98. 

27. 

125. 

110. 

18. 

15. 

109. 

164. 

42. 

19. 

60. 

55. 

19. 

4. 

27. 

30. 

2. 

3. 

5. 

16. 

0 The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 

2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITABLE  WATER  VAPOR  20  MM, DUST  CCNCEN TRA T I ON  300/(CU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  DIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MQON,S  STANDARD 

4)  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


TABLE  36.  COMPARISON  OF  OBSERVED  TOTAL  SOLAR  RADIATION 

to  I T H CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
MOST  HUMID  DAYS  (IN  1953-1962  INCLUSIVE) 

IN  WASHINGTON, D.C. 

LATITUDE! DEG)  = 38.9 


LONG  I TUDE ( DEG ) = 
ECU.  OF  TIME  = 
TIME  CORRECT  1 0 N = 


77.  1 

-6.0  (MIN.) 
-8.0  ( MIN. ) 


DAY  OF  YEAR  = 220. 


SUNRISE 


5.4  EASTERN  STANDARD  TIME 


SUNSET  = 19.1  EASTERN  STANDARD  TIME 

SOLAR  RADIATION,  BTU/HR/ ( SQ. FT ) 


TIME 

SUN,  S 

OUTER 

MOON , S 

CALC. 

ASHRAE 

CALC. 

CBS. 

(HR) 

ALTITUDE  SPACE 

STANDARD 

HORI Z. 

DIFFUSE 

TOTAL 

TOTAL 

(DEG. ) 

( 1 ) 

V ALUE ( 2 ) 

(3) 

(4) 

(4) 

(4) 

6. 

7. 

5 3. 

99. 

12. 

11. 

23. 

8. 

7. 

19. 

138. 

190. 

61. 

22. 

82. 

33. 

8. 

30. 

217. 

236. 

119. 

28. 

147. 

76. 

9. 

42. 

287. 

261. 

174. 

31. 

205. 

131. 

10. 

53. 

342. 

276. 

219. 

33. 

253. 

186. 

11. 

62. 

379. 

284. 

250. 

34. 

284. 

226. 

12. 

67. 

395. 

286. 

263. 

35. 

297. 

242. 

13. 

65. 

389. 

285. 

258. 

34. 

292. 

235. 

14. 

57. 

362. 

280. 

236. 

34. 

269. 

210. 

15. 

47. 

315. 

269. 

197. 

32. 

229. 

173. 

16. 

36. 

251. 

250. 

146. 

30. 

176. 

129. 

17. 

24. 

176. 

215. 

87. 

(L  6 . 

113. 

83. 

18. 

12. 

93. 

146. 

31. 

17. 

48. 

42. 

19. 

1. 

9. 

1. 

0. 

0. 

0. 

13. 

1)  The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 

2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITABLE  WATER  VAPOR  20  MM, DUST  CONCENTRATION  300/(CU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  DIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRlXIMATED  MOON,S  STANDARD 

4)  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


TABLE  37.  COMPARISON  OF  OBSERVED  TOTAL  SOLAR  RADIATION 

wITH  CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
HOTTEST  WEEK  DAYS  (IN  1953-1962  INCLUSIVE) 
IN  WASHINGTON, D.C. 


LATITUDE! DEG)  = 
LUNG ITUDE(DEG)= 
EQU.  OF  TIME  = 
TIME  CORRECTION 


38.9 

77.1 

-6.U  (MIN.) 
-8.0  ( MIN. ) 


DAY  OF  YEAR  = 200. 

SUNRISE  = 5.1  EASTERN  STANDARD  TIME 

SUNSET  = 19.4  EASTtRN  STANDARD  TIME 


SOLAR  RADIATION,  0 T U/ HR / ( SQ . F T ) 


TIME 

SUN,  S 

OUTER 

MUON, S 

CALC. 

ASHRAE 

CALC. 

CBS. 

(HR) 

ALTI TUDE 

SPACE 

STANDARC 

HGR I Z . 

DIFFUSE 

TOTAL 

TOTAL 

(DEG. ) 

( 1 ) 

VALUE! 2 ) 

( 3 ) 

(4  ) 

(4) 

(4) 

6. 

lu. 

76. 

125. 

22. 

14. 

36. 

18. 

7. 

22. 

157. 

204. 

75. 

24. 

99. 

56. 

8. 

33. 

234. 

244. 

133. 

29. 

162. 

112. 

9. 

45. 

302. 

266. 

187. 

32. 

219. 

172. 

10. 

56. 

355. 

279. 

231. 

34. 

265. 

221. 

11. 

66  • 

391. 

286. 

260. 

35. 

295. 

253. 

12. 

72. 

406. 

290. 

275. 

35. 

310. 

266. 

13. 

69. 

401. 

288. 

270. 

35. 

305. 

265. 

14. 

61. 

374. 

284. 

248. 

34. 

282. 

250. 

15. 

50. 

329. 

273. 

209. 

33. 

243. 

217. 

16. 

39. 

267. 

255. 

159. 

31. 

190. 

167. 

17. 

27. 

194. 

225. 

102. 

27. 

129. 

107. 

18. 

15. 

114. 

169. 

45. 

19. 

64. 

53. 

19. 

4. 

33. 

50. 

4. 

5. 

9. 

16. 

0)  The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 

2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITABLE  WATER  VAPOR  20  MM, DUST  CCNCENTR AT  I GN  30C/(CU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  DIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MOON,S  STANDARD 

4)  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


FABLE  38.  COMPARISON  UF  OBSERVED  TOTAL  SOLAR  RADIATION 

WITH  CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
MOST  HUMID  WEEK  DAYS  (IN  1053-1962  INCLUSIVE) 
IN  WASHINGTON, D.C. 


LATITUDE! DEG)  = 
LONGITUDE(DEG)= 
EQU.  OF  TIME  = 
TIME  CORREC  T I 0N  = 


38.9 

77.1 

-6.0  (MIN.) 
-8.0  (MIN.) 


DAY  OF  YEAR  = 219. 


SUNRISE  = 5.3  EASTERN  STANDARD  TIME 

SUNSET  = 19.1  EASTERN  STANDARD  TIME 


SOLAR  RADIATION,  B T U/HR / ( SQ . F T ) 


TIME 

SUN,  S 

OUTER 

MOON, S 

CALC. 

ASHRAE 

CALC. 

CBS. 

(HR  ) 

ALTITUDE  SPACE 

STANDARD 

HORIZ. 

DIFFUSE 

TOTAL 

TOTAL 

(DEG. ) 

( 1) 

VALUE ( 2 ) 

(3) 

(4) 

(4) 

(4) 

6. 

7. 

55. 

101. 

13. 

11. 

24. 

9. 

7. 

19. 

139. 

191. 

61. 

2 2. 

84. 

33. 

8. 

30  • 

218. 

236. 

120. 

28. 

148. 

70. 

9. 

42. 

288. 

261. 

175. 

31. 

206. 

112. 

10. 

53. 

343. 

276. 

220. 

33. 

253. 

150. 

11. 

62. 

380. 

284. 

251. 

34. 

285. 

180. 

12. 

67. 

396. 

286. 

263. 

35. 

298. 

198. 

13. 

65. 

390. 

285. 

258. 

34. 

293. 

200. 

14. 

57. 

363. 

280. 

236. 

34. 

270. 

185. 

15. 

47. 

316. 

269. 

197. 

32. 

230. 

153. 

16. 

36. 

252. 

250. 

146. 

30. 

177. 

108. 

17. 

24. 

177. 

215. 

88. 

26. 

114. 

63. 

18. 

13. 

94. 

147. 

32. 

17. 

49. 

28. 

19. 

1. 

10. 

2. 

0. 

0. 

0. 

8. 

1)  The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 

2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITABLE  WATER  VAPOR  20  MM, DUST  CCNCENTRATI ON  300/(CU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  CIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MOON,S  STANDARD 

4)  SOLAR  RADIATION  INCIDENT  UPON  A HOR I ZCNTAL  SURFACE 


TABLE  3).  COMPARISON  OF  OBSERVED  TOTAL  SOLAR  RADIATION 

WITH  CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
HOTTEST  DAYS  (IN  1953-1962  INCLUSIVE) 

IN  LAKE  CHRLES,LA. 

LATITUDE(DEG)  = 30.1 

LUNG  I TUDE ( DEG ) = 93.2 


ECU.  UF  TIME  = -6.0  (MIN.) 

TIME  CORRECTION*  -12.0  (MIN.) 


DAY  OF  YEAR 

SUNRISE 

SUNSET 


206. 

5.5  CENTRAL  STANCARD  TIME 

19.1  CENTRAL  STANCARD  TIME 

SOLAR  RADIATION,  BTU/HR/ ( SQ. FT ) 


TIME 

SUN,  S 

OUTER 

MOON, S 

CALC. 

ASHRAE 

CALC. 

CBS. 

(HR) 

ALTITUDE  SPACE 

STANDARD 

HORIZ. 

DIFFUSE 

TOTAL 

TOTAL 

(DEG. ) 

( 1 ) 

VALUE ( 2 ) 

(3) 

(4) 

(4) 

(4) 

6. 

6 . 

42. 

78. 

8. 

8 • 

16. 

13. 

7. 

18. 

134. 

187. 

58. 

22  • 

80. 

54. 

8. 

31. 

221. 

238. 

123. 

28. 

151. 

115. 

9. 

44. 

298. 

264. 

184. 

32. 

215. 

179. 

10. 

57. 

359. 

280. 

234. 

34. 

268. 

230. 

11. 

69. 

401. 

288. 

269. 

35. 

304. 

263. 

12. 

78. 

420. 

291. 

285. 

35. 

320. 

279. 

13. 

75. 

415. 

290. 

281. 

35. 

316. 

282. 

14. 

64. 

387. 

285. 

257. 

34. 

291. 

270. 

15. 

52. 

337. 

275. 

216. 

33. 

249. 

237. 

16. 

39. 

269. 

256. 

160. 

31. 

191. 

182. 

17. 

2b. 

187. 

221. 

96. 

26. 

123. 

114. 

18. 

13. 

97. 

151. 

34. 

17. 

52. 

53. 

19. 

1 . 

6. 

0. 

0. 

0. 

0. 

13. 

l)  The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 


2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITABLE  WATER  VAPOR  20  MM, DUST  CONCENTRATION  300/(CU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  DIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MOON,S  STANDARD 

4)  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


TABLE  40.  COMPARISON  OF  OBSERVED  TOTAL  SOLAR  RADIATION 

WITH  CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
MOST  HUMID  DAYS  (IN  1953-1962  INCLUSIVE) 
IN  LAKE  CHRLESt  LA* 


LATITUDE(UEu)  = 30.1 

LONG ITUOE ( DtG ) = 93.7 


EQU.  OF  TIM£  = 
TIME  CORKtCriON= 
DAY  OF  YEAR 
SUNRISE 
SUNSET 


-3.0  (MIN.) 

-12.0  (MIN.) 

232. 

5.8  CENTRAL  STANDARD  TIME 

18.7  CENTRAL  ST4NCARD  TIME 

SOLAR  RADIATION,  BTU/HR / ( SQ.FT) 


TIME 

SUN,  S 

OUTER 

MOON , S 

CALC. 

ASHRAE 

CALC. 

OBS. 

(HR  ) 

ALTITUDE  SPACE 

STANDARD 

HOR I Z. 

DIFFUSE 

TOTAL 

TOTAL 

(DEG. ) 

( 1 ) 

V ALU E ( 2 ) 

(3) 

(4) 

(4) 

(4) 

6. 

3. 

20. 

14. 

1. 

1. 

2. 

11. 

7. 

lb. 

116. 

170. 

45. 

19. 

65. 

34. 

8. 

28. 

206. 

230. 

110. 

27. 

137. 

73. 

9. 

41. 

286. 

260. 

172. 

31. 

203. 

118. 

10. 

54. 

349. 

277. 

223. 

33. 

257. 

158. 

11. 

65. 

391. 

285. 

258. 

34. 

292. 

181. 

12. 

71. 

410. 

290. 

274. 

35. 

309. 

185. 

13. 

69. 

40  4. 

288. 

269. 

35. 

304. 

172. 

i4. 

60. 

373. 

283. 

244. 

34. 

277. 

151. 

15. 

48. 

320. 

270. 

199. 

33. 

232. 

125. 

16. 

35. 

248. 

248. 

142. 

30. 

172. 

95. 

17. 

22. 

162. 

206. 

77. 

24. 

102. 

62. 

• 

00 

H 

9. 

68. 

117. 

19. 

13. 

32. 

32. 

The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 

2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITARLE  WATER  VAPOR  20  MM, DU  ST  CONCENTRATION  300/(CU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  MM  HG 


3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  CIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  CURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MOON,S  STANDARD 

4)  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


TABLE  41.  COMPARISON  OF  OBSERVED  TOTAL  SOLAR  RADIATION 

WITH  CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
HOTTEST  WEEK  DAYS  (IN  1953-1962  INCLUSIVE) 
IN  LAKE  CHRLES,LA. 

LATITUDE! DEG)  = 30.1 

LONG  I TU DE ( D t G ) = 93.2 


EOU.  OF  TIME  = -6.0  (MIN.) 

TIME  CORRECTION-  -12.0  (MIN.) 


DAY  OF  YEAR  = 214. 

SUNRISE  = 5.6  CENTRAL  STANDARD  TIME 

SUNSET  = 19.0  CENTRAL  STANDARD  TIME 


SULAR  RADIATION,  fi T U/HR / ( SQ. F T ) 


TIME 

SUN,  S 

OUTER 

MOON, S 

CALC. 

ASHRAE 

CALC. 

CBS. 

(HR) 

ALTITUDE  SPACE 

STANDARD 

HORIZ  . 

DIFFUSE 

TOTAL 

TOTAL 

(DEG. ) 

( 1 ) 

VALUE ( 2 ) 

(3) 

(4) 

(4) 

(4) 

6. 

5. 

37. 

64  • 

5. 

7. 

12. 

13. 

7. 

17. 

129. 

183. 

55. 

21. 

76. 

53. 

8. 

30. 

217. 

236. 

119. 

28. 

147. 

114. 

9. 

43. 

295. 

263. 

181. 

32. 

212. 

178. 

10. 

56. 

357. 

279. 

232. 

24. 

265. 

229. 

11. 

68. 

399. 

287. 

267. 

35. 

302. 

257. 

12. 

77. 

418. 

291. 

283. 

35. 

318. 

267. 

13. 

74. 

413. 

290. 

279. 

35. 

314. 

265. 

14. 

64. 

385. 

285. 

255. 

34. 

289. 

252. 

15* 

51. 

334. 

274. 

213. 

33. 

246. 

222. 

16. 

38. 

266. 

255. 

157. 

31. 

188. 

172. 

17. 

25. 

183. 

219. 

93. 

26. 

119. 

109. 

18. 

12. 

92. 

145. 

31. 

17. 

46. 

50. 

1>  The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 

2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITABLE  WATER  VAPOR  20  MM, DUST  CONCENTRATION  300/ICU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  DIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MOON,S  STANDARD 

4)  SOLAR  RADIATION  INCIDENT  UPCN  A HORIZONTAL  SURFACE 


TABLE  42.  COMPARISON  of  observed  total  solar  radiation 

WITH  CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
MOST  HUMID  WEEK  DAYS  (IN  1953-1962  INCLUSIVE) 
IN  LAKE  CHRLES,LA. 

L AT ITUDE ( DEG ) = 30.1 

LONG  I TUDE ( DtG ) = 93.2 


EQU.  OF  TIME  = -6.0  (MIN.) 

TIME  CORRECT  10 N=  -12.0  (MIN.) 


DAY  OF  YEAR  = 222. 

SUNRISE  = 5.7  CENTRAL  STANDARD  TIME 

SUNSET  = 18.9  CENTRAL  STANDARD  TIME 


SOLAR  RADIATION,  B T U/ HR / ( SQ . F T ) 


TIME 

SUN,  S 

OUTER 

M 0 0 N , S 

CALC. 

ASHRAE 

CALC. 

CBS. 

(HR) 

ALTITUDE  SPACE 

STANDARD 

HOR  I Z • 

DIFFUSE 

TOTAL 

TOTAL 

(DEG. ) 

( 1 ) 

V A L U E ( 2 ) 

(3) 

(A) 

(4) 

(4) 

6. 

4. 

28. 

33. 

2. 

3. 

6. 

1C. 

7. 

16. 

122. 

176. 

50. 

20. 

70. 

42. 

8. 

29. 

211. 

233. 

114. 

28. 

142. 

89. 

9. 

42. 

290. 

262. 

176. 

31. 

208. 

138. 

10. 

55. 

353. 

278. 

228. 

33. 

261. 

176. 

11. 

67. 

396. 

286. 

263. 

35. 

297. 

197. 

12. 

74. 

415. 

290. 

279. 

35. 

314. 

202. 

13. 

72. 

410. 

290. 

276. 

35. 

311. 

195. 

14. 

62. 

381  . 

284. 

251. 

34. 

286. 

178. 

15. 

50. 

330. 

273. 

209. 

33. 

242. 

150. 

16. 

37. 

260. 

253. 

152. 

31. 

183. 

111. 

17. 

24. 

176. 

215. 

88. 

26. 

114. 

6 8. 

18. 

11. 

85. 

136. 

27. 

16. 

42. 

30. 

li  The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 


2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITABLE  WATER  VAPOR  20  MM, DUST  CONCENTRATION  300/(CU.CM) 
AND  OZONt  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  CIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MOON,S  STANDARD 


4)  SULAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


TABLE  43.  COMPARISON  OF  OBSERVED  TOTAL  SOLAR  RADIATION 

WITH  CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
HOTTEST  DAYS  (IN  1953-1962  INCLUSIVE) 

IN  MINNEAPOLIS, MINN. 

L ATI rUDE(OEG)  = 44.9 


LONG  I TUDE ( DEG  ) = 93.2 


ECU. 

OF  TIME 

— 

-6.0  (MIN.) 

TIME 

CORRECT ION= 

-12.0 

( MIN.  ) 

day 

OF  YEAR 

= 

193. 

SUNRISE 

- 

4.7 

CENTRAL 

STANDARD 

TIME 

SUNSET 

= 

19.9 

CENTRAL 

STANCARD 

TIME 

SOL  AR 

RADI  AT  ION,  6T U/HR / ( SQ 

.FT) 

TIME 

SUN,  S 

OUTER 

MOON, S 

CALC. 

ASHRAE 

CALC. 

CBS. 

(HR) 

ALTITUDE 

SPACE 

STANDARC  HORIZ. 

DIFFUSE 

TOTAL 

TOTAL 

( DEG. ) 

( 1 ) 

V ALU  E ( 2 ) (3) 

(4) 

(4) 

(4) 

6 • 

2 • 

19. 

11. 

0. 

1. 

2. 

1C. 

6. 

12. 

90. 

144. 

30. 

16. 

47. 

38. 

7. 

23. 

164. 

208. 

80. 

2 5. 

104. 

90. 

8. 

33. 

234. 

243. 

133. 

29. 

162. 

154. 

9. 

44. 

295. 

264. 

182. 

32. 

214. 

212. 

10. 

54. 

344. 

277. 

223. 

33. 

256. 

248. 

il. 

62. 

378. 

284. 

251. 

34. 

285. 

258. 

12. 

67. 

393. 

286. 

263. 

35. 

298. 

251. 

13. 

6 5. 

389. 

285. 

259. 

35. 

294. 

238. 

14. 

59. 

367. 

282. 

241. 

34. 

275. 

222. 

15. 

50  • 

327. 

273. 

208. 

'X  'i. 

^ • 

241. 

198. 

16. 

39. 

272. 

257. 

163. 

31. 

194. 

159. 

17. 

29. 

206. 

231. 

112. 

28. 

139. 

108. 

18. 

18. 

135. 

188. 

59. 

22. 

81. 

57. 

19. 

8. 

61 . 

111. 

16. 

12  . 

28. 

20. 

l;  The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 

2)  DIRECT  NURMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITABLE  WATER  VAPOR  20  MM, DUST  CONCENTRATION  300/1CU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  CIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MQON,S  STANDARD 

4)  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


TABLE  44.  COMPARISON  OF  OBSERVED  TOTAL  SOLAR  RADIATION 

WITH  CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
MOST  HUMID  DAYS  (IN  1953-1962  INCLUSIVE) 

IN  MINNEAPOLIS, MINN. 

L AT  I TUDE ( DEG ) = 44.9 


L ONG I TU  DE ( D EG ) = 93.2 


EQU. 

OF  TIME 

-6.0  (MIN.) 

TIME 

CORRECT I0N= 

-12.0 

( MIN. ) 

DAY 

OF  YEAR 

- 

192. 

SUNRISE 

= 

4.7 

CENTRAL 

STANCARD 

TIME 

SUNS 

ET 

= 

19.9 

CENTRAL 

STANDARD 

TIME 

SOLAR 

RADIATION,  B TU/HR / ( SQ. 

FT) 

TIME 

SUN,  S 

OUTER 

M 0 0 N , S 

CALC. 

ASHRAE 

CALC. 

CBS. 

(HR) 

ALTITUDE 

SPACE 

STANDARD  HORIZ. 

DIFFUSE 

TOTAL 

TOTAL 

(DEG. ) 

( 1) 

V A L U E ( 2 ) (3) 

(4) 

(4) 

(4) 

5. 

3. 

19. 

13. 

1. 

1. 

2. 

4. 

6. 

12. 

91. 

x44. 

31. 

17. 

47. 

25. 

7. 

23. 

164. 

209. 

80. 

25. 

105. 

56. 

8. 

33. 

234. 

244. 

133. 

29. 

163. 

91. 

9. 

44. 

296. 

264. 

183. 

32. 

214. 

121. 

10. 

54. 

345. 

277. 

223. 

33. 

257. 

145. 

11. 

62. 

378. 

284. 

251. 

34. 

285. 

166. 

12. 

67. 

394. 

286. 

263. 

35. 

298. 

182. 

13. 

66  • 

390. 

285. 

260. 

35. 

294. 

190. 

14. 

59. 

367. 

282. 

242. 

34. 

276. 

182. 

15. 

50. 

327. 

273. 

208. 

33. 

241. 

154. 

16. 

40. 

272. 

257. 

164. 

31. 

195. 

112. 

17. 

29. 

207. 

232. 

112. 

28. 

140. 

69. 

18. 

18  . 

135. 

188. 

60. 

22. 

81. 

36. 

19. 

8. 

62. 

112. 

16. 

12. 

28. 

16. 

1 V The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 


2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THF  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITABLE  WATER  VAPOR  20  MM, DUST  CONCENTRATION  300/ICU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  CIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MOON,S  STANDARD 

4)  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


TABLE  45.  COMPARISON  OF  OBSERVED  TOTAL  SOLAR  RADIATION 

WITH  CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
HOTTEST  WEEK  DAYS  (IN  1953-1962  INCLUSIVE) 
IN  MI NN^A  PUL  I S , MINN. 

L AT  I TUDE ( DEO ) = 44.9 

LONGITUDE (DEG)=  93.2 


EQU.  OF  TIME  = 
TIME  CCRREC  I I ON  = 
DAY  OF  YEAR 
SUNRISE 
SUNSEI 


-6.G  (MIN.) 

-12.0  (MIN.) 

207. 

4.9  CENTRAL  STANCARD  TIME 

19.7  CENTRAL  STANCARD  TIME 


SOLAR  RADIATION,  R T U/ HR / ( SQ . F T ) 


' l ME 

SUN,  S 

OUTER 

MOON , S 

CALC. 

ASHRAE 

CALC. 

CBS. 

HR  ) 

ALTITUDE 

SPACE 

STANDARD 

HURI Z. 

DIFFUSE 

TOTAL 

TOTAL 

(DEG. ) 

( 1 ) 

V ALUE ( 2 ) 

( 3 ) 

(4) 

(4) 

(4) 

5. 

0. 

4. 

0. 

0. 

0. 

0. 

6. 

6. 

10. 

77. 

126. 

23. 

14. 

37. 

30. 

7 . 

21. 

152. 

201. 

71. 

23. 

94. 

72. 

8. 

31. 

223. 

239. 

124. 

29. 

153. 

127. 

9. 

42. 

28  6. 

261. 

174. 

31. 

205. 

179. 

10. 

52. 

336. 

275. 

215. 

33. 

248. 

218. 

11. 

6U  • 

370. 

283. 

244. 

34. 

278. 

239. 

12. 

64. 

386. 

285. 

256. 

34. 

290. 

245. 

13. 

63. 

382. 

284. 

253. 

34. 

287. 

240. 

14. 

57. 

359. 

280. 

234. 

34. 

268. 

222. 

15. 

48. 

318. 

270. 

200. 

33. 

233. 

191. 

16. 

36. 

262. 

254. 

155. 

31. 

186. 

146. 

17. 

27. 

195. 

225. 

103. 

27. 

130. 

95. 

18. 

17. 

122. 

177. 

50. 

20. 

71. 

49. 

19. 

6. 

47. 

88. 

10. 

9. 

19. 

18. 

i) 


The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 


2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITABLE  WATER  VAPOR  20  MM, DUST  CONCENTRATION  300/(CU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  DIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MOON,S  STANDARD 


4)  SULAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


TABLE  46.  COMPARISON  OF  OBSERVED  TOTAL  SOLAR  RADIATION 

WITH  CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
MOST  HUMID  WFEK  DAYS  (IN  1953-1962  INCLUSIVE) 
IN  MINNEAPOLIS, MINN. 


LATITUDE(DEG  ) = 44.9 

LONG  I TUDE ( DEG ) = 93.2 


ECU.  OF  TIME  = 
TIME  CORRECTION^ 
DAY  OF  YEAR 
SUNRISE 

-6.0  (MIN.) 
-12.0  (MIN.) 
213. 

5.1  CENTRAL 

STANDARD 

TIME 

SUNSET 

= 

19.5  CENTRAL 

STANDARD 

TIME 

TIME 

SUN,  S 

OUTER 

SOLAR  RADIATION,  BTU/HR/(SQ 
MOON , S CALC.  ASHRAE  CALC. 

.FT  ) 
GBS. 

(HR) 

ALTITUDE 

SPACE 

STANDARC 

HORIZ. 

DIFFUSE 

TOTAL 

TOTAL 

(DEG. ) 

( 1 ) 

V A LU  E ( 2 ) 

(3) 

(4) 

(4) 

(4) 

6. 

9. 

69. 

119. 

19. 

13. 

33. 

19. 

7. 

20. 

145. 

196. 

66. 

23. 

89. 

48. 

8. 

30. 

217. 

236. 

119. 

28. 

147. 

89. 

9. 

41. 

281. 

259. 

169. 

31. 

200. 

133. 

10. 

50. 

331. 

273. 

211. 

33. 

244. 

171. 

11. 

58. 

366. 

281. 

239. 

34. 

273. 

196. 

12. 

63. 

381. 

284. 

252. 

34. 

287. 

208. 

13. 

61. 

377. 

284. 

249. 

34. 

283. 

206. 

14. 

5 5. 

354. 

278. 

229. 

34. 

263. 

191. 

15. 

47. 

313. 

268. 

195. 

32. 

228. 

162. 

16. 

37. 

256. 

252. 

150. 

30. 

181. 

122. 

17. 

26. 

189. 

222. 

98. 

27. 

124. 

77. 

18. 

16. 

115. 

170. 

45. 

19. 

65. 

38. 

19. 

5. 

39. 

71. 

6. 

7. 

14. 

12. 

\ 

i; 


The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 


2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITABLE  WATER  VAPOR  20  MM, DUST  CCNCENTRAT I CN  300/(CU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  DIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MOON,S  STANDARD 


4)  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


TABLE  47.  COMPARISON  UF  OBSERVED  TOTAL  SOLAR  RADIATION 

WITH  CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
HOTTEST  DAYS  (IN  1953-1962  INCLUSIVE) 

IN  MEDFORD,  OREGON 

LATITUDE(OEG)  = 42.4 

LONG  ITU DE ( DEG ) = 122.9 


EQU. 

OF  TIME 

= 

0 

. 

>o 

1 

( MIN.  ) 

TIME 

CORRECT  I 0N  = 

0 

. 

fNJ 

1 

( MIN.  ) 

DAY 

OF  YEAR 

= 

199. 

SUNR  I SE 

= 

4.9 

PACIFIC 

STANDARD 

TIME 

SUNSET 

~ 

19.  7 

PACIFIC 

STANDARD 

TIME 

SOLAR  RADIATION,  BTU/HR/(SQ 

.FT) 

TIME 

SUN,  S 

OUTER 

MOON, 

S CALC. 

ASHRAE 

CALC. 

CBS. 

(HR  ) 

ALTI  TUDE 

SPACE 

STANDARD  HORIZ 

. DIFFUSE 

TOTAL 

TOTAL 

(DEG. ) 

( 1) 

V A L U E ( 2 ) (3) 

(4) 

(4) 

(4) 

5. 

1. 

0. 

0. 

0. 

0. 

5. 

6. 

11. 

80. 

130. 

24. 

15. 

39. 

31. 

7. 

21. 

157. 

204. 

75. 

24. 

99. 

77. 

8. 

32. 

230. 

242. 

130. 

29. 

159. 

139. 

9. 

44. 

295. 

264. 

182. 

32. 

213. 

203. 

10. 

54. 

347. 

277. 

224. 

33. 

258. 

253. 

11. 

63. 

382. 

284. 

253. 

34. 

288. 

284. 

12. 

68. 

398  . 

287. 

267. 

35. 

302. 

297. 

13. 

67. 

394. 

286. 

263. 

35. 

298. 

296. 

14. 

60  . 

370. 

233. 

244. 

34. 

278. 

283. 

15. 

50. 

328. 

273. 

209. 

33. 

242. 

254. 

16. 

39. 

270. 

256. 

162. 

31. 

193. 

206. 

17. 

28. 

202. 

229. 

108. 

27. 

135. 

145. 

18. 

17. 

126. 

180. 

53. 

21. 

74. 

83. 

19. 

7. 

49. 

91. 

10. 

10. 

20. 

33. 

1>  The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 

2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITABLE  WATER  VAPOR  20  MM, DUST  CONCENTRATION  300/ICU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  DIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MOON,S  STANDARD 

4)  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


TABLE  4d.  COMPARISON  OF  OBSERVED  TOTAL  SULAR  RADIATION 

WITH  CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
MOST  HUMID  DAYS  (IN  1953-1962  INCLUSIVE) 
IN  MEDFORD,  OREGON 


LATITUDE(DEG) 

= 

42.4 

LONG  I rUDE (DEG) 

s 

12  2.9 

EQU.  OF  TIME 

= 

-6.0 

(MIN.) 

TIME  CORRECT  I ON  = 

l 

►— 

. 

o 

( MIN.  ) 

DAY  OF  YEAR 

= 

201  . 

SUNRISE 

s 

5.0 

PACIFIC 

STANDARD 

TIME 

SUNSET 

s 

19.6 

PACIFIC 

STANDARD 

TIME 

SOLAR  RADIATION,  RTU/HR/ISQ. 

FT) 

TIME  SUN, S 

OUTER 

MOON, 

S CALC. 

ASHRAE 

CALC. 

CBS. 

(HR)  ALTITUDE 

SPACE 

STANDARD  HOR I Z 

. DIFFUSE 

TOTAL 

TOTAL 

(DEG. ) 

( 1 ) 

V A LU  E ( 2 ) (3) 

(4) 

(4) 

(4) 

5. 

0. 

2. 

0. 

0. 

0. 

0. 

3. 

6. 

10. 

78. 

128. 

23. 

15. 

38. 

22. 

7 0 

21. 

155. 

203. 

73. 

24. 

97. 

56. 

8. 

32. 

229. 

241. 

129. 

29. 

158. 

102. 

9. 

43. 

294. 

263. 

181. 

32. 

212. 

151. 

10. 

54. 

345. 

277. 

223. 

33. 

257. 

196. 

11. 

63. 

381. 

284. 

253. 

34. 

287. 

233. 

12. 

6 8. 

397. 

287. 

266. 

35. 

301. 

256. 

13. 

66  • 

393. 

286. 

262. 

35. 

297. 

261. 

14. 

59. 

369. 

282. 

243. 

34. 

277. 

243. 

15. 

50. 

327. 

273. 

208. 

33. 

241. 

203. 

16. 

39. 

269. 

256. 

161. 

31. 

192. 

148. 

17. 

28. 

200. 

228. 

106. 

27. 

134. 

92. 

18. 

17. 

124. 

179. 

52. 

21. 

72. 

46. 

19. 

6 • 

47. 

. 

CD 

00 

10. 

9. 

19. 

17. 

l)  The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 


2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLUUULtid 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITARLE  WATER  VAPOR  20  MM, DUST  CCNCENTRAT ICN  300/(CU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  DIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MOON,S  STANDARD 


4)  SOLAR  RADIATION  INCIDENT  UPCN  A HORIZONTAL  SURFACE 


TARLE  49.  COMPARISON  OF  OBSERVED  TOTAL  SOLAR  RADIATION 

WITH  CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
HOTTEST  WEEK  DAYS  (IN  1953-1962  INCLUSIVE) 
IN  MEDFORD,  OREGCN 


LATITUDE! JEG)  = 

42.4 

L ONG I TUDE ( D tG ) = 

122.9 

EQU.  (JF  TIME  = 

-6.0  (MIN.) 

TIME  CORRECT  1 0 N = 

-12.0 

( MIN.  ) 

DAY  OF  YEAR 

209. 

SUNRISE 

5.1 

PACIFIC  STANDARD 

TIME 

SUNSET 

19.5 

PACIFIC  STANDARD 

TIME 

SOLAR 

RADIATION,  ETU/HR/ { SO. 

FT) 

TIME  SUN , S OUTER 

(HR)  ALTITUDE  SPACE 
(DEG.)  (1) 

MOON,S  CALC.  ASHRAE 

STANDARD  HORIZ.  DIFFUSE 
V ALUE ( 2 ) (3)  (4) 

CALC. 

TOTAL 

(4) 

CBS. 

TOTAL 

(4) 

6. 

9. 

69. 

119. 

19. 

13. 

33. 

25. 

7. 

20. 

148. 

198. 

68. 

23. 

91. 

69. 

3. 

31. 

222. 

238. 

123. 

28. 

152. 

130. 

9. 

42. 

288. 

262. 

175. 

31  . 

207. 

192. 

10. 

52. 

340. 

276. 

219. 

33. 

252. 

242. 

11. 

61. 

376. 

284. 

248. 

34. 

283. 

273. 

12. 

66  • 

392. 

286. 

261. 

35. 

296. 

288. 

13. 

65. 

388  . 

285. 

258. 

34. 

292. 

289. 

14. 

58. 

364. 

281. 

238. 

34. 

272. 

277. 

15. 

48. 

321. 

271. 

203. 

33. 

235. 

246. 

i 6 . 

38. 

26  3. 

254. 

155. 

31. 

186. 

195. 

17. 

27. 

193. 

224. 

101. 

27. 

128. 

131. 

18. 

16. 

116. 

171. 

46. 

20. 

66. 

70. 

19. 

5. 

38. 

68. 

6. 

7. 

13. 

25. 

1)  The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 

2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITABLE  WATER  VAPOR  20  MM, DUST  CONCENTRATION  300/(CU.CM) 
AND  OZUNE  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  DIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MOON,S  STANDARD 

4)  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


TABLE  50. 


COMPARISON  OF  OBSERVED  TOTAL  SOLAR  RADIAT  him 

most  sssl:ild  oavlsar  r f s~rss2  T?sc^i?cif 

IN  MEDFORD,  oregcn  1962  INCLUSIV8> 


L AT  I TUD  E ( DEG ) 


42.4 


LUNG  I TUDE ( DtG  ) = 


122.9 


EQU.  OF  TIME  = 
time  CORRECTIONS 
DAY  of  year 
SUNRISE 

sunset 


~6.0  (MIN.) 

-12.0  (MIN.) 

210. 

5.1  PACIFIC  STANDARD  TIME 
19.5  PACIFIC  STANDARD  TIME 


TIME  SUN,S  OUTER 
(HR)  ALTITUDE  SPACE 
(DEG.)  (1) 


SOLAR  RADIATION,  BTU/HR/ ( SQ.FT) 


MOON,S  CALC.  ASHRAE  CALC. 
STANDARD  H0RI2.  DIFFUSE  TOTAL 
V ALU E ( 2 ) (3)  (4)  (4) 


CBS. 

TOTAL 

(4) 


6. 

9. 

7. 

20. 

8. 

31. 

9. 

42. 

10. 

52. 

11. 

61. 

12. 

66  . 

13. 

64. 

14. 

58. 

15. 

48. 

16. 

38. 

17. 

27. 

18. 

16. 

19. 

5. 

68.  H8. 

146.  197. 

221.  238. 

287.  261. 

340.  275. 

375.  284. 

392.  286. 

388.  285. 

363.  281. 

320.  271. 

262.  254. 

192.  224. 

115.  170. 

37.  65. 


19. 

13. 

67. 

23. 

123. 

2 6. 

175. 
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ON  CLUUDLESS^AYS  DURINGTWHICH4TH=°nRt-FFUSE  SKY  RA0IATI0N 
radiation  closely  appriximated  moon?s  standardRMAL  INCI0ENT 

4)  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


TABLE  51.  COMPARISON  OF  OBSERVED  TOTAL  SOLAR  RADIATION 

WITH  CALCULATED  SOLAR  R AD  I A T I UN  FOR  THE  AVERAGE 
HOTTEST  DAYS  (IN  1953-1962  INCLUSIVE) 
IN  HOUSTON,  TEXAS 


L AT  I TUDE ( DEG ) = 
LONG  I TUDE ( DEG ) = 
EQU.  OF  TIME  = 
TIME  CORRECTION^ 
DAY  OF  YEAR 
SUNRISE 
SUNSET 


29.7 

95.3 

-6.0  (MIN.) 

-20.0  (MIN.) 

214. 

5.7  CENTRAL  STANCARD  TIME 

19.1  CENTRAL  STANCARD  TIME 

SOLAR  RADIATION,  BTU/HR/ (SQ.FT) 


r I ME 

SUN,  S 

OUTER 

MOON , S 

CALC. 

ASHRAE 

CALC. 

CBS. 

:hr) 

ALTITUDE 

SPACE 

STANDARD 

HOR I Z . 

DIFFUSE 

TOTAL 

TOTAL 

(DEG. ) 

( 1 ) 

V A L U E ( 2 ) 

(3) 

(4) 

(4) 

(4) 

6. 

3. 

23. 

21. 

1. 

2. 

3. 

28. 

7. 

16. 

116. 

171. 

46. 

20. 

66. 

76. 

8. 

29. 

206. 

231. 

110. 

28. 

136. 

144. 

9. 

42. 

286. 

261. 

173. 

31. 

205. 

216. 

10. 

55. 

350. 

278. 

226. 

33. 

260. 

273. 

11. 

67. 

395. 

286. 

263. 

35. 

298. 

300. 

12. 

76. 

418. 

290. 

282. 

35. 

317. 

295. 

13. 

76. 

416. 

290. 

281. 

35. 

316. 

264  • 

14. 

65. 

391. 

285. 

259. 

35. 

294. 

217. 

15. 

53. 

343. 

276. 

220. 

33. 

253. 

163. 

16. 

40  • 

276. 

258. 

165. 

31. 

196. 

109. 

17. 

27. 

194. 

225. 

102. 

27. 

128. 

61. 

13. 

14. 

104. 

158. 

38. 

18. 

56. 

25. 

19. 

1. 

11. 

3. 

0. 

0. 

0. 

4. 

1>  The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 

2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITABLE  WATER  VAPOR  20  MM, DUST  CCNCENTRA T I CN  300/(CU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  DIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MOON,S  STANDARD 


4)  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


TABLE  52.  COMPARISON  OF  OBSERVED  TOTAL  SOLAR  RADIATION 

WITH  CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
MOST  HUM  I D DAYS  (IN  1953-1962  INCLUSIVE) 

IN  HOUSTON,  TEXAS 

LATITUDE(DEG)  = 29.7 

LONGITUDE (DEG)=  95.3 

EOU.  OF  TIME  = -0.0  ( MIN.  ) 


TIME  CORRECTION = 


20.0  (MIN.) 


DAY  OF  YEAR  = 241. 

SUNRISE  = 5.3  CENTRAL  STANCARD  TIME 

SUNSET  = 18.0  CENTRAL  STANCARD  TIME 


SOLAR  RADIATION,  BTU/HR/ ( SQ. FT ) 


TIME 

SUN,  S 

OUTER 

MOON, S 

CALC. 

ASHRAE 

CALC. 

CBS. 

(HR) 

ALTITUDE  SPACE 

STANDARD 

HORIZ. 

DIFFUSE 

TOTAL 

TOTAL 

(DEG. ) 

( 1 ) 

VALUE ( 2 ) 

(3) 

(4) 

(4) 

(4) 

6. 

9. 

64. 

113. 

17. 

13. 

29. 

7. 

7. 

22. 

160. 

204. 

75. 

24. 

99. 

40. 

8. 

34. 

246. 

247. 

140. 

30. 

170. 

96. 

9. 

47. 

318. 

269. 

197. 

32. 

229. 

159. 

10. 

58. 

370. 

282. 

240. 

34. 

274. 

211. 

11. 

67. 

400. 

286. 

263. 

35. 

298. 

240. 

12. 

68. 

404. 

288. 

267. 

35. 

302. 

244. 

13. 

62. 

383. 

284. 

250. 

34. 

284. 

227. 

14. 

51. 

338. 

274. 

213. 

33. 

246. 

195. 

15. 

39. 

27  2. 

256. 

160. 

31. 

191. 

151. 

16. 

2b. 

190. 

221. 

97. 

26. 

123. 

100. 

17. 

13. 

97. 

149. 

33. 

17. 

50. 

51. 

l)  The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 


2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THF  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITABLE  WATER  VAPOR  20  MM, DUST  CC NCE NTRA T I CN  300/(CU.CM) 
AND  GZ ON t PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  CIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MOON,S  STANDARD 


4)  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


TABLE  5 3 • 


COMPARISON  OF  OBSERVED  TOTAL  SOLAR  RADIATION 
'WITH  CALCULATED  SOLAR  RADIATION  FOR  THE  AVERAGE 
HOTTEST  WEEK  DAYS  (IN  1033-1962  INCLUSIVE) 
IN  HOUSTON,  TEXAS 


LATITUDE(UEG)  = 
LONG  I TUDE ( DEG ) = 

£ GU  • OF  T I M t = 
TIME  CORRECTION^ 
DAY  OF  YEAR 


19.7 


9 3.3 


-6.0  (MIN.) 


-20.0  (MIN.) 


12. 


SUNR I SE 

= 

5.7  CENTRAL 

STANCARD 

TIME 

SUNSET 

— 

19.1  CENTRAL  STANDARD  TIME 

SOLAR  RADIATION,  BTU/HR/(SQ 

.FT) 

TI  ME 

SUN,  S 

OUTER 

M 0 0 N , S 

CALC  . 

ASHRAE 

CALC. 

CBS. 

(HR) 

ALTITUDE 

SPACE 

STANDARD 

HORI  Z. 

DIFFUSE 

TOTAL 

TOTAL 

( DEG. ) 

( 1 ) 

V A LU  E ( 2 ) 

(3) 

(4) 

(4) 

(4) 

6. 

3. 

25. 

26. 

2. 

3 • 

4. 

23. 

7. 

16. 

113. 

173. 

47. 

20. 

67. 

72. 

8. 

29. 

207. 

231. 

112. 

26. 

139. 
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9. 

42. 

287. 

261. 

174. 

31. 

206. 

209. 

10. 

5 5. 

351. 

278. 

227. 

260. 

262. 

11. 

67. 

396. 

287. 

264. 

35. 

299. 

239. 

12. 

77. 

418. 

291. 

283. 

35. 

318. 

294. 

i 3 • 

76. 

417. 

290. 

282. 

35. 

317. 

282. 

14. 

66  • 

391. 

285. 

260. 

35. 

294. 

253. 

15. 

33. 

343. 

276. 

221. 

33. 

254. 

207. 

16. 

4 G . 

277. 

258. 

166. 

31. 

197. 

147. 

17. 
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196. 

225. 

103. 

27. 

130. 

83. 

18. 

14. 

106. 

160. 

39. 

18. 

58. 

32. 

19. 

2. 

13. 

4. 

0. 

0. 

1. 

4. 

1>  The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 

2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITABLE  WATER  VAPOR  20  MM, DUST  CONCENTRATION  300/(CU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  MM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  DIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPRIXIMATED  MOON,S  STANDARD 


A)  SOLAR  RADIATION  INCIDENT  UPON  A HORIZCNTAL  SURFACE 


TABLE  54.  COMPARISON  OF  OBSERVED  TOTAL  SOLAR  RADIATION 

to  I T H CALCULATED  SOLAR  RADIATION  FUR  THE  AVERAGE 
M0  S T HUMID  toEEK  DAYS  (IN  1953-1962  INCLUSIVE) 
IN  HOUSTON,  TEXAS 

LATITUDE(DEb)  = 29.7 


LONG  I TUDt  ( DEG  ) = 95.  3 


EQU.  OF  TIME 


-3.0  (MIN.) 


TIME  CORRfcCI'ION  = 


-20.0  (MIN.) 


DAY  OF  YEAR  = 239. 


SUNRISE 

6.0 

CENTRAL 

ST ANCARD 

TIME 

SUNSET 

18.7 

CENTRAL 

ST  AN  C ARD 

TIME 

SOLAR 

RADI  AT  ION,  B T U / HR / ( SQ 

.FT) 

TIME  SUN, S OUTER 

MOON  , S 

CALC. 

ASHRAE 

CALC. 

OBS. 

(HR)  ALTITUDE  SPACE 

STANDARD  HORIZ. 

DIFFUSE 

TOTAL 

TOTAL 

(DEG.)  (1) 

V ALU E ( 2 ) (3) 

(4) 

(4) 

(4) 

7. 

13. 

94. 

147. 

32. 

17. 

49. 

44. 

8. 

26. 

187. 

220. 

95. 

t.  6 • 

121. 

92. 

9. 

33. 

270. 

255. 

159. 

31. 

190. 

149. 

10. 

51. 

337. 

274. 

213. 

33. 

246. 

201. 

11. 

62. 

383. 

284. 

250. 

34. 

265. 

238. 

12. 

69. 

40  5 . 

288. 

269. 

35. 

304. 

252. 

13. 

6 3. 

40  2. 

287. 

266. 

35. 

301. 

243. 

14. 

59. 

374. 

283. 

243. 

34. 

277. 

213. 

15. 

48. 

323. 

270. 

201. 

33. 

234. 

166. 

16. 

35. 

252. 

249. 

145. 

30. 

175. 

112. 

17. 

23. 

166. 

209. 

80. 

25. 

105. 

60. 

18. 

10. 

72. 

120. 

20. 

14. 

33. 

21. 

1/  The  hourly  solar  radiation  upon  a horizontal  surface  at  the  outer 
limit  of  the  atmosphere. 


2)  DIRECT  NORMAL  SOLAR  RADIATION  AT  SEA  LEVEL  UNDER  CLOUDLESS 
CONDITION  WITH  THE  FOLLOWING  ATMOSPHERIC  CONDITIONS 
PRECIPITA0LE  WATER  VAPOR  20  MM, DUST  CONCENTRATION  300/(CU.CM) 
AND  OZONE  PARTIAL  PRESSURE  2.8  VM  HG 

3)  ASHRAE  CLEAVELAND  LABORATORY  DATA  OF  DIFFUSE  SKY  RADIATION 
ON  CLOUDLESS  DAYS  DURING  WHICH  THE  OBSERVED  NORMAL  INCIDENT 
RADIATION  CLOSELY  APPROXIMATED  MOON,S  STANDARD 


4)  SOLAR  RADIATION  INCIDENT  UPON  A HORIZONTAL  SURFACE 


TEMPERATURE 
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Fig . 1,3  Graphical  representation  on  a psychrometric  chart  of  (a)  one 
and  five  percent  non-coincident  A SURAS  dry-hurb  ana  wet-bulo 
temperature,  (b)  Fluor  coincident  dry-bulb  and  vet-bulb 
temperatures  at  three  frequency  levels:  the  specific  points 

at  the  center  of  circles  denoted  by  H,  11,  and  L are  the 
coincident  design  points  suggested  in  the  Fluor  publication 
for  high,  moderate,  and  low  frequencies  of  occurrence.  The 
three  curves  passing  through  these 

the  iso-frequency  points  as  those  of^Hj  , (P } > and points, 

and  (c)  maximum  and  minimum  average  daily  dry-bulb  temper afures 
and  associated  dewpoint  temperatures  for  hottest  and  most 
humid  days  and  weeks  for  Phoenix,  Arizona. 
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Figure  1^+  Graphical  representation  on  a psychrometric  chart  of  (a)  one- 
and  five  percent  non-coincident  ASHRAE  dry-bulb  and  vet -bulb 
temperatures,  (b)  Fluor  coincident  dry-bulb  and  vet-bulb 
temperatures  at  three  frequency  levels : the  specific  points 

at  the  center  of  circles  denoted  by  E,  M,  and  L are  the 
coincident  design  points  suggested  in  the  Fluor  publication 
for  high,  moderate,  and  low  frequencies  of  occurrence.  The 
three  curves  passing  through  these  three  points  are  loci  of 
the  iso-frequency  points  as  those  of  (§),{§)  and^j  points, 
and  (c)  maximum  and  minimum  average  daily  dry-bulb  temperatures 
and  associated  dewpoint  temperatures  for  hottest  and  most 
humid  days  and  weeks  for  Washington,  B.  C. 


New  Orleans, Louisianas 
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Graphical  representation  on  a psychroaetric  chart  of  (a)  one- 
and  five  percent  non-coincident  ASKRAE  dry-buib  and  wet-bulb 
temperatures,  (b)  Fluor  coincident  dry-bulb  and  wet-bulb 
temperatures  at  three  frequency  levels:  the  specific  points 

at  the  center  of  circles  denoted  by  H,  K,  and  L are  the 
coincident  design  points  suggested  in  the  Fluor  publication 
for  high,  moderate,  and  low  frequencies  of  occurrence.  The 
three  curves  passing  through  these  three  noints  rre  loci  of 
the  iso-frequency  points  as  those  of  (^y , Qy  and(Xj)  points, 
and  (c)  maximum  and  minimum  average  daily  dry-bulb  tempe^ at-Ui.es 
and  associated  dewpoint  temperatures  for  hottest  and  most 
humid  days  and  weeks  for  New  Orleans, La. 
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Figure  16  Graphical  representation  on  a psychrometric  chart  of  (a)  one 
and  five  percent  non-coincident  ASHRAE  dry-bulb  and  wet-bulb 
temperature,  (b)  Fluor  coincident  dry-bulb  and  wet-bulb 
temperatures  at  three  frequency  levels:  the  specific  points 

at  the  center  of  circles  denoted  by  H,  M,  and  L are  the 
coincident  design  points  suggested  in  the  Fluor  publication 
for  high,  moderate,  and  low  frequencies  of  occurrence.  The 
three  curves  passing  through  these  thpee  points  are  loci  of 
the  iso-frequency  points  as  those  ofni)  ,®  , and (Lj points, 

and  (c)  maximum  and  minimum  average  daily  dry-bulb  temperatures 
and  associated  dewpoint  temperatures  for  hottest  and  most 
humid  days  and  weeks  for  Minneapolis,  Minnesota. 
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f ig  .17  : Graphical  representation  on  a psychrcmetric  chart  of  (a)  one- 

and  five  percent  non-coincident  A SKUAS  dry-bulb  and  wet-bulb 
temperatures,  (b)  Fluor  coincident  dry-bulb  and  wet-bulb 
temperatures  at  three  frequency  levels:  the  specific  points 

at  the  center  of  circles  denoted  by  H,  11,  ana  a are  the 
coincident  design  points  suggested  in  the  Fluor  publication 
for  high,  moderate,  and  low  frequencies  of  occurrence.  The 
three  curves  passing  through  these  three  points  r. re  loci  of 
the  iso-frequency  points  as  those  of  ^ and (h)  points, 
and  (c)  maximum  and  minimum  average  daily  dry-bulb  temperatures 
and  associated  dewpoint  temperatures  for  hottest  and  most 
humid  days  and  weeks  for  "Medford, Oregon'. 
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